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High-resolution computed tomography in pulmonary cystic 


fibrosis 
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Department of Radiology, Brompton Hospital, London 


(Received March 1988 and in revised form June 1988) 


Abstract. Twenty-one patients with established cystic fibrosis were examined using high-resolution, narrow-seclion computed 
tomography. The bronchiectasis of cystic fibrosis is described and is shown to be characteristic in many respects. Computed 
tomography was found to be more accurate than standard radiography in locating the disease process and demonstrated pleural 


involvement which was not apparent on chest radiographs. 


The typical radiological features of bronchiectasis are 
evident on the chest radiograph of virtually all patients 
with established cystic fibrosis. The thickened bronchial 
walls are manifest as either parallel lines when seen in 
profile or ring shadows when seen end-on. In addition to 
the radiographie signs of bronchiectasis, other features 
may be present on a chest radiograph: overinflated lungs, 
atelectasis, thin-walled cystic spaces. and hilar enlarge- 
ment due to lymphadenopathy or pulmonary arterial 
hypertension (Friedman et al, 1981). 

On a chest radiograph, the extent and pattern of 
bronchiectasis in cysue fibrosis is masked by the summa- 
tion of shadows from bronchial wall thickening, mucus 
plugs and superadded parenchymal consolidation. Even 
in patients with little additional shadowing, the chest 
radiograph is not sufficiently sensitive to assess the full 
extent of bronchiectasis (Currie et al, 1987a). Bronchogra- 
phy is contraindicated in these patients and the only 
detailed studies of the bronchiectasis of cystic fibrosis 
have been of the appearances at post-mortem examin- 
ation (Andersen, 1962). Using narrow-section computed 
tomography (CT) we have studied a number of patients 
with cystic fibrosis, most of whom were being assessed 
prior to heart-lung transplantation. 


Methods 

Twenty-one patients were studied and their ages 
ranged from 15 to 43 years (median 29 years). The age at 
diagnosis of cystic fibrosis varied from 2 months to 3 
years. Computed tomography was performed on all 
patients and concurrent postero-anterior (PA) chest 
radiographs were assessed in 17 cases. Computed tomo- 
graphy was performed using an Elscint 2002 scanner 
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with a scanning time of 5.5s. A standard protocol 
(contiguous 10 mm slices) and a high-resolution protocol 
(interspaced 3 mm slices) were both used in the majority 
of cases (16 out of 21). In some cases the patients were 
scanned prone as well as supine to clarify subpleural 
opacification (Strickland et al, 1986). In one case, scans 
in full expiration were obtained to determine the degree 
of air-trapping. Intravenous contrast was not given so 
the contribution to hilar enlargement by pulmonary 
artery dilatation or lymph node enlargement could not 
be accurately assessed. 

The chest radiographs and CT scans were assessed 
separately and in random order. The distribution of 
abnormalities was described in terms of lobes on CT 
scans and in zones on the available PA chest radio- 
graphs. On both CT scans and chest radiographs the 
following features were recorded: (1) the presence or 
absence of lung overinflation, (11) bronchial dilatation 
-—-(a) proximal or distal, or (b) cylindrical, varicose or 
cystic, (11) the presence or absence of volume loss (zone 
or lobe), (iv) pleural thickening, and (v) complications. 

The division of bronchiectasis into cylindrical, vari- 
cose and cystic types follows the classification of Reid 
(1950). The distinction between proximal and distal 
bronchial involvement was taken arbitarily as a point 
midway radially from the hilum to the chest wall. The 
degree of dilatation of the bronchiectatic airways on CT 
was graded as mild. moderate or severe. Pleural thicken- 
ing was described as limited (ie. pleural tags) or exten- 
sive and the site recorded. 


Results 

Bronchiectasis was present in 84 out of 102 zones in 16 
out of 17 cases on plain chest radiography compared 
with 124 out of 126 lobes in all patients (21) who had CT 
scans. wes 

Chest radiography consistently underdiagnosed the 
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(b) 


Figure 1. Two examples (a) supine and (b) prone of the cylindrical type of bronchiectasis seen in cystic fibrosis. Note the areas of 


pleural thickening posteriorly 


(69%) of the &4 zones 
atlected were reported as showing only proximal involve- 
ment, the remainder showing both proximal and distal 
bronchiectasis (26 out of 84. 31%). However, CT 
demonstrated bronchiectasis extending distally in 73 out 
Ol the 124 affected lobes (59%). No case showed distal 


bronchiectasis without proximal involvement. 


extent of bronchiectasis: S 


\ll three patterns of bronchiectasis were seen on CT 
and these sometimes coexisted in the same lobe. The 
predominant type was cylindrical (Fig. 1) (116 out of 
124) with cystic (42 out of 124) and varicose (13 out of 
124) bronchiectasis seen much less frequently. In 
individual patients the type of bronchiectasis was 
constant at all 
degree of bronchial dilatation. The features of bronchiec- 
lasts in cystic hbrosis demonstrated on CT are summar- 
lable | 


( ases which showed large, 


remarkably sites involved. as was the 


ized in 
cystic, thin-walled air 
spaces were analysed to determine whether there were 
any features which discriminated between dilated bron- 
chi and au Twelve cases had cystic spaces and 
seven of these were identified as dilated bronchi either 


Cysts 


because of their continuity with bronchi or because of 





lable I. Features of bronchiectasis in cystic fibrosis in 
computed tomography 
Features Lobes % 
(total = 126) 
Bronchiectasis present 124 98 
Distribution of bronchiectasis 
Proximal only S] 4l 
Proximal and distal 73 59 
Distal only 0) () 
Pattern of bronchiectasis 
( yvirndrica! 116 94 
Varicose 13 |] 
C ystx 42 34 





the presence of the signet-ring sign (Fig. 2) of the accom- 
panying pulmonary artery (Naidich et al, 1984). In two 
cases the cystic spaces were peripheral and discontinuous 
with the bronchiectatic airways. In three cases the dis- 
tinction between air spaces having the appearances of 
bullae and grossly dilated bronchi could not be made 
(Fig. 3) 

Volume loss us a result of either atelectasis or fibrosis 
was identified on CT in 21 out of 126 lobes in 10 patients 
and this occurred most frequently in the upper lobes 
(upper, 12; middle, 5; lower, 4). Evidence on CT of 
pleural thickening was found in 15 of the 21 patients 
studied (compared with eight cases on plain radiogra- 
phy). The extent of pleural disease in each case is 
summarized in Table I. Pleural thickening was demon- 
strated most often in the upper zones and was almost 





Figure 2. The “signet-ring™ sign of pulmonary arteries accompa- 
nying dilated bronchi (arrows) running vertically in the upper 


lobes 
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High-resolution CT in evstic fibros 


Table II. Extent of pleural thickening on computed 





tomography 
Limited (12 patients} Extensive (3 pauents) 
R | R l 
Upper zone & 5 3 . 
Mid zone 5 2 | () 
Lower zone | () | () 





in Which scans were taken in full expiration showed 
virtually no change in cross-sectional diameter of the 
chest at the extremes ol respiration, indicating severe all 





trapping. Focal lobar consolidation was seen in six cases 
-i > gg x Wace. IT Ny mMmncr loh . he gd yr? s e fare ba. | . ’ ‘ 
Figure 3. Large cystic spaces in the upper lobes. The distinctions but there was no specific lobar predilection. Two patients 
clween severe cystic broncmectasis and <<a be made were thought to have pneumothoraces*on plain chest 





+ 


radiographs; one was confirmed by CT. the other was 

invariably posterior (14 out of the 15 cases showed a shown to bea bulla at the left apex. In one patient an air 

predominantly posterior distribution) (Fig. 4). fuid level was demonstrated in an empyema on CT: the 
Overinflation of the lungs, as judged subjectively on chest radiograph showed the same air—fluid level in the 


CT. was present in 19 of the 2] patients. The single case — left upper zone and this was interpreted as a lung abscess 





(a) 


Figure 4. (4) Lin ited pic iri 


orly in the upper chest (arrowheads) 
which were confirmed macroscopicall 
and on histology following removal of the 


recipient lungs. (b) Extensive pleural thich 





ening bilaterally. There is marked contrac- 


(b) 


ton of the right lung becuuse Dl] Drosis 
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[he proximal varicose and cystic bronchiectasis of 


Figure 5, 
allergic broncho-pulmonary aspergillosts 


Discussion 

Widespread bronchiectasis is a cardinal feature ol 
cystic fibrosis (Friedman, 1987). To date, studies of the 
type and distribution of bronchiectasis have relied on 
post-mortem specimens and inferences drawn trom chest 
radiographs (Hodson & France, 1962; Friedman et al. 
1981). Our study of patients with cystic fibrosis, using 
narrow-section CT. shows that cylindrical bronchiectasis 
is the commonest pattern and that bronchial involve- 
ment extending to the periphery of the lung is seen in 
most cases (Fig. 1). This pattern was seen in at least two 
lobes in 17 out of the 21 patients studied. The division ol 
bronchiectasis into cylindrical, varicose and cystic types 
by Reid (1950) supposedly gives an indication of the 
degree of bronchial wall damage with end-stage bron- 
chiectasis being characterized by a cystic pattern. The 
predominance of cylindrical bronchiectasis in our series 
is at variance with the only other published study which 
has employed CT in the assessment of pulmonary cystic 
fibrosis (Jacobsen ct al. 1986). In that study, only four 
out of the 12 patients showed a cylindrical pattern, the 
remainder were reported as showing a varicose or saccu- 


lar pattern. The apparent difference in the frequency of 


the types of bronchiectasis in cystic fibrosis in the latter 
study may relate to differences of interpretation or the 
use of wider CT sections 

The CT features of the bronchiectatic airways in cystic 
fibrosis are in marked contrast to those seen in allergic 
broncho-pulmonary aspergillosis. In the latter, the bron- 
chiectasis 1s proximal and varicose or cystic (Fig 5) 
(McCarthy et al, 1970; Currie et al, 1987b). The clinical, 
biochemical and immunological differences between cys- 
tic fibrosis and allergic broncho-pulmonary aspergillosis 
almost invariably allows the correct diagnosis to be 


made. However, the plain radiographic appearances of 


relatively mild cystic fibrosis and severe allergic broncho- 
pulmonary aspergillosis may be deceptively similar. 
Whilst the bronchial wall thickening seen in these two 
conditions may be apparent on plain radiographs, the 
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characteristic pattern and extent of the bronchiectasis ts 
readily delineated by CT 

The exact nature of the large cystic spaces in the lungs 
shown on CT in half the cases studied was difficult to 
assess. Grossly dilated airways are indistinguishable 
from bullae unless the cystic spaces can be seen to be in 
continuity with bronchi on adjacent sections (Fredman, 
1987). These air-containing cysts were confined to the 
upper lobes and most were peripheral, a distribution 
confirmed in a pathological study which also found that 
the largest cysts were bronchiectatic in origin (Toma- 
shefski et al, 1985). Most of the cysts (classified as 
bronchiectasis cysts, emphysematous bullae or intersti- 
tial air cysts) in this latter study were found in a sub- 
pleural distribution, perhaps accounting for the high 
incidence of pneumothorax in patients with cystic fibro- 
sis. In our study the frequency of the finding of con- 
tracted upper lobes containing large cysts was striking 
and, in the past, the plain chest radiograph appearances 
of the upper lobes in longstanding cystic fibrosis were 
sometimes erroneously attributed to pulmonary tubercu- 
losis (Wood et al, 1976) 

The reason for submitting these patients to CT prior to 
heart-lung transplantation was to assess the amount ol 
pleural thickening present. The separation of pleural 
adhesions during surgery may be a cause of severe 
haemorrhage. In this series, three patients were found to 
have extensive pleural thickening which was thought 
likely to cause significant difficulty at surgery; in one 
case, the pleural fibrosis was due to previous pleurodesis. 
The frequency of pleural thickening demonstrated on CT 
(15 out of 21) was surprising and this high incidence has 
not been previously reported, Metaplastic changes in the 
visceral pleura in cystic fibrosis have been described in a 
single case report (Dunnill, 1959) in which there was 
considerable thickening of the fibrous part of the 
mesothelium and evidence of intracellular vacuolation. 
Dunnill ascribed these changes to the rupture of small 
bronchiectatic abscesses into the pleural cavity. 

The extent of pleural thickening may have a critical 
bearing on a patient’s suitability for heart-lung trans- 
plant. Plain chest radiography is inadequate lor assessing 
accurately the presence and extent of pleural thickening 
especially given its typical distribution posteriorly in the 
upper part of the chest 
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Hepatic venography in the surgical assessment of hepatic 
tumours 
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Abstract. Hepatic venography was performed on 80 patients with hepatic tumours for the pre-operative assessment of resectability. 
Sixty-six patients subsequently underwent laparotomy, 27 undergoing hepatic resection. Forty-two patients had metastases from 
colo-rectal primaries, 19 hepatocellular carcinoma and 19 a variety of other tumours. The type and frequency of the abnormalities 
shown on venography were noted for each tumour category and for their hepatic segmental distribution. The results of venography 
were compared with those of arteriography, computed tomography and ultrasound and with the findings at laparotomy. 
Displacement was the commonest abnormality seen while encasement or obstruction occurred less frequently and tumour invasion 
was rare. The sensitivity of venography in correctly identifying the segmental distribution of tumour deposits was 41%. Sensitivity 


was poorest with tumours in the left lobe (31%) and bilobar tumours (0%). Venography was most sensitive in detecting tumour 
involvement of the major segmental hepatic veins and inferior vena cava (100%). Peripheral colo-rectal metastases frequently 
produced no venographic abnormality. Hepatic venography provides no additional information to arteriography, computed 
tomography or ultrasound in patients with peripheral or bilobar tumour deposits. Some additional information may be obtained 
with central tumours and venography is the most accurate means of detecting tumour involvement of the major segmental hepatic 


Veins. 


The prognosis for primary hepatocellular carcinoma 
(HCC) is poor, with a 5-year survival of 4-8% (Marks et 
al, 1979b). Metastatic deposits in the liver from colo-rectal 


(Bengmark & Hafstrom, 1969; Foster & Berman, 1977; 
Bengtsson et al, 1981; Taylor et al, 1983). For both 
primary and secondary hepatic tumours, resection is now 
an accepted form of treatment, with 5-year survival 
rates of 25% being reported, compared with 0-3% at 5 
years for unresected deposits (Taylor et al, 1983; Adson 
et al, 1984; Wagner et al, 1984; Taylor, 1985). 

Since the technique of hepatic resection is determined 
by the segmental distribution of the hepatic vascular 
supply, demonstration of both arterial and venous ana- 
tomy is essential. In order to demonstrate venous ana- 
tomy, we have performed hepatic venography on all 
patients being considered for hepatic resection. To assess 
the value of venography in predicting resectability and to 
assess the comparative diagnostic accuracy of venogra- 
phy, arteriography, ultrasound and computed tomogra- 
phy (CT) in determining the segmental distribution of 
tumour deposits, we reviewed the medical records of all 
patients with hepatic tumours undergoing hepatic veno- 
graphy over a 5-year period. 


Materials and methods 
The medical records of 80 consecutive patients with 
hepatic tumours who underwent hepatic venography 
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between November 1981 and October 1986 were 
reviewed. The spectrum of venographic abnormalities 
demonstrated and the relationship of such abnormalities 
to the type and position of tumour deposits were noted. 
The results of arteriography, ultrasound and CT were 
also reviewed in those patients in whom these investiga- 
tions had been performed. Hepatic resection or laparo- 
tomy was performed in 66 patients. The extent and 
distribution of tumour deposits as predicted by arterio- 
graphy, venography, CT and ultrasound were compared 
with the findings at surgery. 

Particular attention was given to the accuracy of 
venography in determining tumour proximity to the 
major hepatic veins and inferior vena cava (IVC) and to 
the sensitivity of hepatic venography in predicting spread 
of tumour across hepatic segmental boundaries. Tumour 
distribution was defined as: (a) peripheral; lying peri- 
pherally in the right or left lobes, (b) central; in close 
relationship to the middle hepatic vein whether in the 
right or left lobe, (c) major hepatic veins/IVC; involving 
posteriorly the hepatic IVC or origins of the major 
hepatic veins and (d) bilobar; deposits in the periphery 
of both lobes. 

Hepatic venography was usually performed via a cut- 
down onto a vein in the antecubital fossa using a 7 F 
Cournand catheter. Occasionally, if the arm veins were 
unsuitable, an internal jugular vein approach was used. 
Alternatively, a femoral vein puncture was performed, 
using either a pre-shaped 6.5 F Kifa or 5.5 F Simmons- 
type catheter. The hepatic veins are located just below 
the junction of the IVC and right atrium, the veins 
normally arising antero-laterally. The middle and left 
hepatic veins usually have a common trunk. The orifices 
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Table I. Abnormalities detected on hepatic venography 


Number of | Number Abnormalities 
venograms abnormal 
Displacement Encasement Obstruction Invasion 
Colorectal carcinoma 42 19 (45%) l6 5 
Hepatocellular carcinoma 19 14 (74%) 10 12 7 2 
Others 19 13 (68%) 7 5 6 
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of the veins were located by searching with the catheter 


tip, then selectively cannulated. Correct positioning of 
the catheter was confirmed with a test injection of 


contrast medium. The procedure was generally easier 
from the cubital fossa or jugular approach because of the 


angle of origin of the hepatic veins. Biplanar views of 


right, middle and left hepatic veins were obtained follow- 
ing injection of 15-20 ml of contrast medium into each 
vein. Major accessory veins were also catheterized; 
minor accessory veins and veins supplying the caudate 
lobe were not injected. 

Computed tomography was performed on EMI 5005 
or 7070 scanners. Scans were performed with a | cm slice 
at 1-1.5cm intervals. usually both before and after an 
intravenous bolus of 100 ml of contrast medium. Ultra- 
sound examinations were performed on a variety of real- 


>. 
La 





(a) 


colonic carcinoma in the right lobe of the liver (arrows). (b) Selective nght hepatic ve 


time scanners using 3.5 and 5.0 MHz transducers 
Because of the retrospective nature of the study, neither 
CT nor ultrasound scans were performed specifically to 
visualize hepatic veins and not all examinations deli- 
neated these structures completely. 


Results 

Hepatic venography was performed in 80 patients, 52 
male and 28 female, with ages ranging from 22 to 74 
years (mean 53 years). Metastatic deposits from colonic 
or rectal carcinoma were present in 42 patients. Nineteen 
patients had hepatocellular carcinoma (HCC). Ten 
patients had metastases from other sources: two breast 
carcinomas, two ovarian carcinomas, two carcinoid 
tumours and one each of pancreatic gastrinoma, adrenal, 
renal and gastric carcinoma. Hepatic sarcoma was pre- 





(b) 


Figure 1. (a) Late radiograph from a selective hepatic arteriogram showing several large hypovascular metastatic deposits from a 


nogram showing displacement of the peripheral 


branches of the posterior segmental veins by the metastatic deposits (long arrows) 
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Figure 2. 
hepatocellular carcinoma showing marked irregularity of both 
medial and lateral segmental branches because of tumour 
encasement (arrow) 


Selective left hepatic venogram in a patient with 


sent in three patients, three had cholangiocarcinoma., 
two lymphoma and one a benign hepatic adenoma. 

The results of venography are shown in Table I. Hepa- 
tic venography was abnormal in 46 (58%) of the 
patients, 19 (45%) of those who colonic metastases and 
14 (74%) with hepatocellular carcinoma. Venous dis- 
placement was the commonest venous abnormality seen, 
occurring in 16 (84%) with colonic metastases and 10 
(71%) with HCC (Fig. 1). Venous encasement was pre- 
sent in five patients with colonic metastases and 12 
patients with HCC (Fig. 2). Venous obstruction was seen 
in three patients with colonic metastases and seven 
patients with HCC (Fig. 3). 

Tumour invasion of the hepatic veins was rare, occur- 
ring in only two patients, both with HCC (Fig. 4). 
Laparotomy was performed in 66 patients (83%), hepa- 
tic resection being performed in 27 (41%) of these. 

Venography correctly predicted the distribution of 
tumour in 27 patients (41%). In the remainder, further 
tumour deposits or spread of tumour across segmental 
boundaries were found which had not been predicted by 
venography. When tumour was situated peripherally in 
either the right or left hepatic lobe, only 22 (58%) of the 
examinations were abnormal (Table II). When tumour 
was situated centrally, hepatic venography was abnor- 
mal in l1 patients (73%); however, the lobar distribution 
of tumour was correctly predicted by venography in only 
six (40%) of central tumours. Venography correctly 


lable Il. Results of venography related to site of tumour deposits 
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Figure 3. Selective right hepatic venogram in a patient with 
metastatic colonic carcinoma showing obstruction of a pos- 
terior superior segmental branch by a metastatic deposit 
(arrow) 


predicted involvement of the proximal portions of the 
major hepatic veins and inferior vena cava in all four 
patients in whom this was detected at laparotomy. Of the 
nine patients with bilobar metastases, venography failed 
to detect abnormalities in the left lobe in all nine. No 
complications related to hepatic venography were experi- 
enced 

The results of venography were compared with those 
of arteriography, CT and ultrasound (Table III) to assess 
the comparative sensitivity of each technique. 


Venography and arteriography 

Arteriography was performed in 76 (95%) patients 
who underwent venography. Only one patient with 
abnormal venography had normal arteriography, but 
venography was normal in 20 (26%) patients with abnor- 
mal arteriograms. The predicted segmental distribution 
of tumour deposits was the same with both arteriogra- 
phy and venography in 22 (33%) patients. Venography 
supplied additional information not provided by arterio- 
graphy in five (8%) patients. In four, encasement at the 
origins of major hepatic veins was seen. One patient with 
normal arteriography had encasement of veins in the 
periphery of the right hepatic lobe. 
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Peripheral 

Right lobe Left lobe 
Number abnormal 15/25 7/13 
% Abnormal! 60) 54 


Central Major veins Bilobar 
and IVC 

11 15 4/4 7/9 

73 100 78 
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Results refer to 66 patients undergoing laparotomy 
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(a) 


(b) 


Figure 4. (a) Antero-posterior and (b) lateral views from a selective left hepatic venogram in a patient with a large central hepatoma 
showing encasement of the origin of the left hepatic vein indicating invasion (arrows). 


Venography and computed tomography 

Computed tomography was performed in 53 (66%) 
patients, laparotomy being performed in 43. There was 
agreement between CT and venographic prediction of 
tumour distribution in 12 (28%) patients. In a further 12 
patients CT correctly predicted segmental distribution of 
tumour. In five patients, venography provided informa- 
tion not given by CT. Encasement of major hepatic veins 
was seen in four patients and displacement of veins in the 
left hepatic lobe was seen in one patient. In two of these 
patients, both with hepatoma, small hepatic venous 
emboli were detected. Major hepatic veins were reliably 
visible in only nine (17%) of the CT scans; CT failed to 
detect invasion of these veins in the four patients in 
whom this was detected at laparotomy. Computed tomo- 
graphy failed to predict the extent of tumour distribution 
in 19 (36%) patients including all seven with bilobar 
metastases who underwent CT. 


Venography and ultrasound 
Ultrasound was performed in 44 (55%) patients of 
whom 30 underwent laparotomy. There was agreement 


between sonographic and venographic prediction of 
tumour distribution in 13 (43%). Ultrasound correctly 
predicted the distribution of tumour in 20 (67%) 
patients. Venography provided further information not 
provided by ultrasound in only one patient, encasement 
of a left hepatic vein being demonstrated. 

The ultrasound examinations were not specifically 
performed to visualize hepatic veins. However, tumour 
involvement of major veins was demonstrated in one of 
the two cases in which ultrasound was performed. 

The overall accuracy of arteriography, CT and ultra- 
sound combined in predicting the segmental distribution 
of tumour was 73%. With the addition of venography 
the accuracy rose to 74%, there being only one case in 
which venography provided additional information, 
encasement of the origin of a middle hepatic vein being 
demonstrated (Fig. 5). 


Discussion 

Despite the controversy that exists over various forms 
of treatment for patients with hepatic tumours it is 
generally accepted that hepatic resection is beneficial for 


Table III. Sensitivity (%) of hepatic imaging studies related to site of tumour at laparotomy 
a 


% Sensitivity 


Venography 
Right lobe (n = 25) 54 
Left lobe (n = 13) 31 
Central (n = 15) 40 
Major veins or IVC (n = 4) 100 
Bilobar (n = 9) 0 
Overall sensitivity (1 = 66) 4] 


Arteriography CT Ultrasound 
79 75 100 
60 O4 71 
60 40 50 
50 50 50 
22 0 66 
61 53 69 
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Figure 5. (a) Enhanced CT scan at the level of the porta hepatis 
in a patient with metastatic rectal carcinoma showing an 
apparently solitary deposit in the posterior segment of the right 
lobe (short arrow) lying some distance from the IVC (long 
arrow). (b) Selective injection of a combined middle and left 


hepatic venous trunk in the same patient showing encasement of 


the trunk proximally by an unsuspected metastatic deposit 
(curved arrow) 


patients with unilobar primary or secondary hepatic 
tumours (Okuda, 1980; Adson et al, 1984; Langer, 1985; 
Taylor, 1985). The benefit of resection for more extensive 
lesions is less clear, tumour involving the portal vein or 
inferior vena cava being a contraindication to surgery 
(Foster & Berman, 1977; La Berge et al, 1984; Taylor, 
1985). Collective mortality rates of 5% result from 
hepatic resection, much of this arising from intraopera- 


10 


tive difficulties producing haemorrhage (Foster & Ber- 
man, 1977; Taylor, 1985; Olak et al, 1986). 

It is therefore essential to obtain as much information 
as possible about the extent of tumour involvement and 
its relationship to hepatic vasculature prior to laparo- 
tomy. Computed tomography and ultrasound are effi- 
cient screening procedures for selecting those patients 
who may benefit from surgery (Snow et al, 1979; La 
Berge et al, 1984; Schreve et al, 1984). Arteriography 
provides further information regarding tumour extent 
and the relationship of tumour deposits to portal veins 
(Marks et al, 1979b; Reuter et al, 1986; Takayasu et al, 
1986). Hepatic veins are not visualized at arteriography 
and lie in different anatomical planes from hepatic 
arteries and portal veins. Hepatic veins lie intersegmen- 
tally and are thus important in classical segmental resec- 
tions both in terms of reducing operative haemorrhage 
and in maintaining venous drainage of residual liver 
tissue (Nakamura & Tsuzuki, 1981). 

Involvement of hepatic veins by tumour may preclude 
resection in some instances or alter the planned extent of 
resection in others. Hepatic veins and segmental archi- 
tecture can be visualized with both CT and ultrasound 
(Marks et al, 1979a; Pagani, 1983; Subramanyam et al, 
1984; Cosgrove et al, 1987; Mukai et al, 1987). Technical 
improvements in ultrasound transducers and the intro- 
duction of duplex scanning and colour Doppler imaging 
now permit excellent visualization of hepatic vascular 
structures (Becker & Cooperberg, 1988). Despite these 
improvements, technical difficulties related to intestinal 
gas may result in inaccurate examinations with ultra- 
sound. Moreover, extensive tumour deposits may pro- 
duce only subtle changes and some areas of the liver are 
difficult to scan or visualize with both CT and ultrasound 
(Snow et al, 1979; Sexton & Zeman, 1983). Recent 
reports of the use of magnetic resonance imaging suggest 
that this technique may offer a reliable, non-invasive 
means of visualizing venous anatomy (Fisher et al, 1985; 
Mukai et al. 1987). However, the technique is limited in 
its availability and controversy still exists over the most 
appropriate pulse sequences for visualizing hepatic 
metastases (Glazer, 1988). Theoretically, hepatic veno- 
graphy should provide more accurate information 
regarding the relationship of tumour to hepatic veins. 

Williams and Peterson (1976) were among the first to 
describe the use of selective hepatic venography in the 
pre-operative assessment of a patient with metastatic 
HCC. In their case, a venography previously thought to 
be unresectable was resected after hepatic venography 
had shown normal venous drainage of a hepatic segment. 

Our results show that metastatic colonic tumours in 
the periphery of the right and left lobes frequently 
produce no venographic abnormality. Colonic metas- 
tases primarily displace veins with encasement and inva- 
sion being rare. The degree of displacement may be small 
and as hepatic venous anatomy is variable, subtle 
changes may be missed (Nakamura & Tsuzuki, 1981). 
Peripheral HCC produced venographic abnormalities 
more frequently, although negative examinations were 
not uncommon, 
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(b) 


Figure 6. (a) Selective injection of combined middle and left 
hepatic venous trunk showing displacement of branches of the 
left hepatic vein around a left-lobe colonic metastasis (white 
arrow). Displacement of the middle hepatic vein to the left 
suggests involvement of the anterior segment of the right lobe 
(black arrow). (b) Enhanced CT scan in the same patient at the 
level of the coeliac axis showing a large metastatic deposit in the 
lateral segment of the left lobe (white arrow). The tumour abuts 
the left medial segment but does not involve it (black arrow). 


There was no particular venous abnormality that 
could reliably differentiate between HCC and colonic 
metastases. Although encasement was more common 
with HCC this also occurred with metastases. The thread 
and streaks appearance of venous invasion described by 
Okuda et al (1975) was seen in the portal vein in three out 
of 19 (16%) HCC cases but neither of the two cases of 
HCC invasion of hepatic veins showed this sign. A 
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higher incidence of positive examinations was present 
with tumours situated centrally in the liver. Tumour 
involvement of the middle hepatic vein is an especially 
Important feature to recognize as this vessel separates 
right from left lobes. Tumour involvement of this vessel 
precludes either a simple right or left lobectomy 

In the absence of venous invasion or encasement, it 
was difficult to predict extension of tumour across inter- 
segmental boundaries even when displacement of veins 
was marked; in several instances, apparent involvement 
of the left lobe as predicted by venography was not 
confirmed at laparotomy (Fig. 6). Venography was par- 
ticularly inaccurate in detecting abnormalities in the left 
lobe in the presence of bilobar peripheral deposits. Of the 
four imaging modalities, hepatic venography demon- 
strated tumour involvement of the proximal major hepa- 
tic veins most reliably. In all four cases undergoing 
laparotomy this was predicted by venography and in 
four cases of advanced HCC which did not undergo 
laparotomy, two showed venous invasion at venography. 
Moreover, hepatic venography demonstrated venous 
anatomy more accurately than CT or ultrasound. 

The place of hepatic venography in the pre-operative 
investigation of hepatic tumours is debatable. Although 
there are few complications attributable to the pro- 
cedure, it is frequently time consuming, as all the major 
hepatic veins need to be catheterized, resulting in a high 
percentage of negative examinations. This may in part be 
related to technique. Satisfactory visualization of both 
main hepatic, segmental and subsegmental veins down to 
4th and Sth order branches is difficult. Frequently, either 
underfilling or a wedged venogram results. Use of a 
balloon occlusion technique would prevent visualization 
of the main segmental veins. This problem can be 
overcome by using two injections of contrast medium 
with the balloon inflated and deflated, but this doubles 
the contrast dose (Novak et al, 1977). A double balloon 
technique as described by Rappaport et al (1966) or 
digital subtraction angiography (Yamauchi et al, 1987) 
are further alternatives. 

For metastatic colonic tumours in the periphery of the 
right or left lobes, no further information regarding 
tumour extent was provided by venography than was 
already available from arteriography, CT and ultra- 
sound. Because of the tendency for HCC to encase and 
invade veins, venography was more effective in defining 
the segmental distribution of tumour than either CT or 
ultrasound. For tumours situated centrally, venography 
gives more information than either arteriography, CT or 
ultrasound, especially regarding involvement of the mid- 
dle hepatic vein. 

The ultrasound scans in our series were not specifically 
performed to visualize hepatic veins. Whilst several 
studies have shown that these veins can be readily seen 
on ultrasound, many of these studies relate to scans 
performed on normal livers (Cosgrove et al, 1987; Mukai 
et al, 1987). The venous anatomy in livers involved with 
tumour may be considerably distorted. In both ultra- 
sound and CT, only intravascular filling defects can be 
considered a specific sign of venous invasion (La Berge et 
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al, 1984). Hepatic venous thrombi are uncommon, 
occurring in only two of our cases. Although serpiginous 
encasement, pathognomonic of tumour invasion in 
arteries does not occur in veins, we feel that the veno- 
graphic demonstration of irregularity and obstruction of 
major hepatic veins is a reliable indicator of invasion. 
Venography, CT and ultrasound are all accurate in 
demonstrating the presence of tumour in the region of 
the main segmental veins, but only venography reliably 
demonstrated venous invasion. 

We therefore believe that hepatic venography is of 
value in those patients in whom CT and/or ultrasound 
have shown tumour to be situated centrally or at the 
junction of hepatic veins and IVC. Of the current imag- 
ing modalities, hepatic venography provides the best 
anatomical demonstration of the junction of hepatic 
veins and IVC. 
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Abstract. Intravenous digital subtraction angiography was performed within 20 days of 678 vascular reconstructions as a routine 
post-operative evaluation. After 339 carotid endarterectomies, 34 patients showed a stenosis of > 30% and six occlusions were 
seen. In 157 patients after aortic aneurysm repair, we found five anastomotic aneurysms and seven stenoses of > 30%. After 
aortic bypass surgery, 77 patients were evaluated and nine stenoses were found; no anastomotic aneurysms were seen, In 105 
patients with femoro-distal bypass procedures, occlusion was reported in 1! cases and stenosis in 13 cases, One patient had two 
anastomotic aneurysms. To summarize, major abnormalities were present in 81 cases (12.7%) and consisted of 59 stenoses of 
> 30%, 17 occlusions and six patients with anastomotic aneurysms. Most of these were unexpected and were reason for more 


critical follow-up or re-operation. 


Because of its invasive nature, conventional angio- 
graphy is used with reluctance for early post-operative 
evaluation of vascular reconstruction. Direct  ultra- 
sound studies such as duplex scanning are not always 
feasible in this period. Intravenous digital subtraction 
angiography (DSA) has made it easier to obtain post- 
operative angiographic information and, in our hospital, 
is now used routinely after almost all arterial 
reconstructions before discharge of the patient. 

This report gives the findings after carotid endarterec- 
tomy, abdominal aortic grafting procedures and 
peripheral bypass procedures in order to determine 
whether late sequelae may be caused by silent 
abnormalities already present in the early post- 
operative period. 

Routine post-operative conventional angiography 
before discharge of the patient is rarely reported in the 
literature (Szilagyi et al, 1975). This is understandable 
on clinical grounds because one does not expect to find 
sufficient abnormalities to justify such an invasive and 
expensive procedure. The long-term results of the above- 
mentioned vascular procedures are good, but if 
complications occur, they are usually such that re- 
operation is necessary. This is the case for late 
occlusions as well as false or anastomotic aneurysm 
formation. Rupture of an anastomotic aneurysm or the 
formation of an aorto-enteric fistula, in particular, 
represent life-threatening complications. 

These considerations, together with our favourable 
experiences with the DSA technique since 1980, with 
low risk and good patient acceptance (de Vries, 1986), 
has led to its routine use in the early post-operative 
period after almost all our vascular reconstructions. 


Materials and methods 

The DSA studies were performed with a Philips DVI- 
IV with a 512x512 image matrix and a depth of 10 
bits. We use an XTV-VI TV chain with a 14 in image 


Vol. 62, No. 733 


intensifier, changeable to 10 and 6in for fine detail 
information. 

A routine investigation consisted of from one to a 
maximum of five injections of 40 ml contrast medium 
followed by 15 ml glucose through a short intravenous 
cannula in the elevated right arm. The glucose solution 
is given to wash the contrast medium into the 
superior caval vein. All patients were investigated 
within the first 20 days after the operation, while stil in 
hospital. It was not possible to investigate all patients 
because of contra-indications, such as renal insuffici- 
ency, cardiac failure, a poor post-operative genera! 
condition or patient refusal. 

In practice, 70-90% of the patients were actually 
investigated (Table I). We have listed only those 
patients who were operated on for the first time. Re- 
operations were not included in the series, 


Results 

Of 436 patients examined, 339 carotid arteries were 
operated upon with the following results. 

Forty-three stenoses of <30% and li stenoses of 
> 30% were found proximal (caudal) to the carotid 
bifurcation. Thirty-two stenoses of <30% and 23 
stenoses of >30% were found distal (cranial) to the 
carotid bifurcation. Six carotid arteries were found to 
be occluded, 

In conclusion, we found significant stenosis in 34 
cases and six occlusions. None of the patients showed 


Table I. Numbers of post-operative intravenous DSA studies 
in operated patients 





Operated DSA Ye 
Abdominal procedure 327 234 WS 
Peripheral procedure 129 105 81.4 
Carotid procedure 436 339 Wa 


Table H. Results of early post-operative intravenous DSA after 
carotid endarterectomy 





Distal to the 


Proximal to Total 
the bifurcation bifurcation 
Normal = noe 224 (66% 
Stenosis < 30% 43 32 75 (22%) 
Stenosis > 30% ii 23 34 (10%) 
Occlusion 3 3 6 (2%) 
339 (100%) 


Tota) a7 58 





any neurological abnormality which could be related to 
the lesions discovered. The results are listed in Table H. 

After abdominal procedures the following abnormali- 
ties were found. 


(D) Elective aneurysm repair (106 patients). Minor 
abnormalities were present in 13 patients and consisted 
of a stenosis <30% or a slight bulging of an 
anastomosis. Major abnormalities were found in 
another nine patients. There were six stenoses > 30% 
and three anastomotic aneurysms. 

(2) Ruptured aneurysm repair (51 patients). This 
group consisted of 43 patients with normal appearances 
on DSA and five with minor stenoses. One patient had 
an 80% stenosis at the proximal anastomosis. Two 
patients had a total of three anastomotic aneurysms, all 
at the distal end of the graft. After implantation of an 
aortic tube graft we found remaining aneurysms in the 
diac arteries in seven patients. A disturbed renal 
perfusion or renal artery stenosis was present in five 
patients, 

(3) Aertic bifurcation bypass operations (77 patients). 
Minor stenoses were found in three cases and stenoses 
of > 30% in nine patients. There were no anastomotic 
aneurysms in this group. 


A summary of these findings is given in Table HI. 
Major abnormalities were present in 33 patients or 14% 
of all operations and consisted of 16 stenoses (7%), five 
anastomotic aneurysms (2%), seven remaining 
aneurysms (3%) and five patients with abnormalities in 
renal perfusion (2%). 
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Table IV. Results of early post-operative intravenous DSA 
after femore-popliteal and femoro-crural bypass procedures 





Femoro- Femoro- Total 

popliteal crural 

bypass bypass 
Normal 59 18 77. (74%) 
Stenosis > 30% l 5 16 (15%) 
Occlusion 4 7 iE (10%) 
Slow flow I Lt (1%) 
Total 74 31 105 (100%) 





After peripheral bypass procedures the following 
pathology was reported. 

(1) Femoro-popliteal bypass procedures (74 patients). 
In 74 patients examined, we found four occlusions and 
11 stenoses of > 30%. 

(2) Femoro-crural bypass procedures (31 patients). tn 
31 patients examined, we found seven occlusions, five 
stenoses of >30% and one bypass with a very slow 
flow. 


Major abnormalities were reported in 28 patients. 
The results are listed in Table IV. 


Discussion 

The carotid arteries are very well suited to 
intravenous DSA evaluation (de Vries, 1986). They are 
relatively wide, have a good flow, are situated in an area 
of equal tissue densities and no local application in the 
area of the wound has to be made (Fig. 1). The clinical 
impact of a residual stenosis is still under discussion 
(Szilagyi et al, 1975; Thompson & Talkington, 1976; 
Callow, 1980). From our own experience we know that 
some of these stenoses smooth out during the first year 
after operation, whereas others show progression 
towards haemodynamically significant lesions (Sanders 
et al, 1987). 

Patients with a residual stenosis are followed with 
duplex scanning to determine whether the stenosis 
becomes smoother than immediately after the opera- 
tion. The duplex investigation is done 3 months post- 
operatively, when the wound is completely healed. 


Table HE Results of early post-operative intravenous DSA after elective aneurysm repair, ruptured aneurysm repair and aortic 


bypass surgery 





Elective aneurysm 
repair 

Normal 84 

Stenosis < 30% 13 

Stenosis > 30% 6 

Anastomotic aneurysms 3 

Remaining aneurysms G 

Renal complications 

Total 106 


Ruptured Aortic Total 

aneurysm bypass surgery 

repair 

31 65 {80 (77%) 
5 3 21 (9%) 
i 9 l6 (7%) 
2 0 5 (5%) 
7 0 7 (3%) 
5 § (2%) 

5I Ae 234 (100%) 


i4 
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(a) 


We know already from our series that intravenous 
DSA and duplex scanning give similar results in 80% of 
cases, and in the remaining 20%, duplex indicates more 
severe stenosis in 15% and less severe stenosis in 5%, 
compared with DSA. Several factors can explain these 
findings. 

First, when there is significant stenosis in the 
contralateral carotid artery, a compensatory high flow 
can be found in the operated artery. We also found that 
in women, especially those operated upon without 
venous patch, duplex scanning demonstrates more 
severe stenosis than intravenous DSA. This might be 
caused by the thinner arteries found in women or 
difficulties encountered with duplex scanning, because 
of turbulent flow in an artery after endarterectomy and 
with a venous patch (small and large calibre vessel 
interchanging). In addition, intravenous DSA does not 
always demonstrate well short septum-like lesions 
found after endarterectomy. Both investigations have 
their advantages and disadvantages. Intravenous DSA 
can be used shortly after operation and gives 
anatomical information whilst duplex scanning gives a 
good indication of the flow in a stenotic area. In most 
cases we use both investigations. 

Patients are not re-operated upon for correction of a 
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(b) 


Figure 1. Short stenosis in the internal carotid artery after endarterectomy. (a) Left and (b) right oblique projection 


residual stenosis immediately after endarterectomy. 
Initially, the residual stenosis is followed to see if it is 
diminishing. If it gets worse in the following month to 
years, re-operation is considered if a residual stenosis is 
severe (>70%) and causing clinical symptoms. We 
found four patients with a stenosis of 60% or more: 
two with a stenosis of 60% showed improvement on 
intravenous DSA after | year, one with a stenosis of 
70% showed a better patency on duplex scanning 3 
months later, and one with a 95% stenosis occluded 
shortly after operation. Only this last patient might 
have been a candidate for re-operation. 

The finding of an asymptomatic occlusion is not 
surprising. All our patients were operated upon because 
of haemodynamic lesions of >70%. Many of these 
patients had a stenosis of 95-99%. Pre-operatively. 
these vessels are not contributing significantly to the 
cerebral perfusion and in these patients there must 
already be a good collateral perfusion. If these vessels 
occlude shortly after operation, the cerebral perfusion is 
not significantly changed from the pre-operative 
situation, Because of the possibility of silent occlusions, 
re-operation is not considered. 

Reconstruction of the abdominal aorta for 
aneurysmal dilatation or occlusive disease is a common 


- 


I5 





Figure 2. 
anastomosis of a bifurcation inlay prosthesis 


Anastomotic aneurysm of the proximal end-to-end 


procedure that has been shown to be durable. Major 
late complications include anastomotic aneurysm 
formation and graft occlusion (Fig. 2). Although these 
conditions are relatively rare, they present such a 
significant morbidity and mortality rate that attempts 
to obtain early diagnosis are warranted. The true 
incidence of anastomotic aneurysms is hard to 
determine (Horsch etal, 1979; Bosman, 1983). 
Although an aneurysm in the groin may be felt as an 
enlarging pulsating mass, the first signs of an intra- 


abdominal anastomotic aneurysm are often those of 


rupture or bleeding into the bowel, both of which may 


lead to sudden death. For this reason, the incidence of 


anastomotic aneurysms may be higher than is reported 
in the literature (Szilagyi et al, 1975). Even less 1s 
known about the time interval between operation and 
anastomotic aneurysm formation as few prospective 
serial angiographic or ultrasound studies exist. In 
retrospect, most authors mention a period of 5 years, 
but there have been reports on “early” diagnosis after 3 
months (Thompson etal, 1977; Greenhalgh, 1979; 
Millili et al, 1980) 

The finding of an anastomotic aneurysm in five 
patients was surprising. One patient even showed two 


false aneurysms at both distal anastomoses. It is of 


particular interest that all these false aneurysms were 
found after aneurysm repair and not after bypass 
grafting, which suggests that the quality of the vessel 
wall may be an important aetiological factor. To our 
knowledge there are very few reports in the literature on 
these very early anastomotic aneurysms and it has yet 
to be determined what the natural course of these 
lesions will be. 

As yet, we have no firm criteria for re-intervention 
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Figure 3. Bulging of the aorta cranial to the proximal end-to- 
end anastomosis and a stenosis of the left common iliac artery 
after emergency aneurysm repair with a tube prosthesis. 


We found five patients with an anastomotic aneurysm, 
two of whom were candidates for re-operation because 
of the size of the aneurysm, but had a bad cardiac 
prognosis and died of cardiac failure in the first year 
after operation. One patient with a smaller aneurysm 
was followed for 3 years and in this case the aneurysm 
did not grow. The remaining two patients were not 
followed in our hospital. 

Although this study shows that anastomotic 
aneurysms are more frequent than expected, the true 
number may be even higher. We examined one patient 
with normal appearances on DSA. However, B-mode 
imaging was used to investigate abdominal pain and 
showed an anastomotic aneurysm, which was confirmed 
by computed tomography. This finding can be 
explained by the smooth lining of the aneurysmalic 
vessel or anastomosis by a thrombotic mass (Hilton 
et al, 1982; Mark et al, 1982). 

The implantation of tube grafts for ruptured aortic 
aneurysms is gaining more widespread acceptance and 
has the advantage of limiting the surgical procedure, 
thereby reducing the time of operation (Fig. 3). 
However, one has to be cautious not to overlook iliac 
aneurysms (Fig. 4). It is not always easy to judge 
whether or not these arteries are normal if a large 
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Figure 4. Remaining aneurysm in the right common iliac artery 
after emergency aneurysm repair with a tube prosthesis. 


haematoma is present. After operation, patients with a 
remaining iliac aneurysm are usually checked with 
ultrasound or intravenous DSA. Of seven patients, one 
patient was corrected | year later, one ruptured while 
still in hospital, four patients showed an unchanged 
situation with a small aneurysm not gaining calibre, and 
one patient was not checked in our hospital. A number 
of unexpected renal abnormalities were also 
encountered after emergency aneurysm repair, including 
renal artery stenosis and abnormal kidney perfusion. 
The reasons for graft occlusion may include the 
presence of residual lesions left behind or new stenotic 
lesions formed at the time of operation. Data on these 
technical problems are scarce. In our series there were 
far more abnormalities than expected. After elective 
aneurysm repair, we found six patients with stenoses 
left after operation. Two patients had a stenosis of 40% 
and 70%, respectively, at the proximal anastomosis, 
which were found without difficulty during check-up. 
One patient with a 70% stenosis was not checked in our 
hospital and three patients showed stenoses at the distal 
anastomosis of 40%, 40% and 50%. All did well*during 
follow-up. After ruptured aneurysm repair one patient 
had a severe 80% stenosis at the proximal anastomosis. 
This patient also did well, but had a loud bruit in both 
groins. After aortic bypass surgery, five patients showed 
a 40% or 50% stenosis at the proximal anastomosis, 
two of which also had a 40% stenosis in one distal 
anastomosis. These patients did well during follow-up. 
One patient had a proximal stenosis of 50% revised 
later because of progression. One patient with a 70% 
stenosis in the right distal anastomosis also progressed 
well with no complaints being recorded. One patient 
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end-to-end 


cranial to 
anastomosis of a bifurcation bypass prosthesis. 


Figure 5. Stenosis the proximal 


was found to have an occluded right limb of his 
bifurcation prosthesis. Thrombectomy was performed. 
followed by a femoro-politeal bypass to improve the 
flow in the limb, after which the patient recovered 
without problems. Major stenoses, as high as 80%, may 
be present with good femoral pulses and almost no 
complaints from the patient (Fig. 5). These lesions 
might very well lead to graft occlusion. It has yet to be 
determined what the natural history of minor lesions in 
this area will be. 

Evaluating peripheral bypass surgery to the popliteal 
artery or the lower leg is not as helpful as in the 
abdomen. The quality of intravenous DSA images may 
be poor because of poor perfusion in thin vessels 
(Fig. 6). Most surgeons will be satisfied with good 
peripheral pulsations, a normally coloured foot and a 
normal ankle pressure measurement. In some clinics it 
Is routine to evaluate the graft with pre-operative 
angiography. Although the quality of post-operative 
intravenous DSA is not as good, we nevertheless found 
a large number of complications (van de Pavoordt et al, 
1983). That unsuspected occlusions are present is not 
surprising, because this type of surgery is performed 
frequently for limb salvage on very thin vessels and the 
perfusion of the leg is only slightly improved because of 
poor run-off. Even the judging of stenosis might be 
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Figure 6. 
popliteal bypass prosthesis 


Diminished calibre of the first part of femoro- 


rather difficult, and all stenoses counted were at least 
30% because the resolution of the intravenous DSA 
does not allow judging of stenoses <30%. Neverthe- 
most of these investigations gave a good 
demonstration of the bypass and of its effectiveness. In 
these circumstances, good visibility means enough 
contrast medium in the graft and a good flow (Fig. 7). 

Femoral-popliteal bypass surgery reviewed later 
showed that in 11 patients with a stenosis of > 30%, 
seven bypasses remained patent and four occluded in 
the first year after operation. Most grafts with a 40% or 
50% stenosis remained open. Occlusion was found in 
two patients with a 50% stenosis, one with a 70% 
proximal stenosis and one patient with a bad proximal 
part of the graft. Of the group with a patent graft and a 
stenosis, one patient had to be operated upon after | 
year because of an increasing stenosis. 

After femoro-crural bypass surgery, three grafts with 
reported stenoses remained open and three grafts were 
occluded after | year. Occlusion was found in a patient 
with a 40% stenosis in the distal anastomosis, a patient 
with a slow blood flow through the graft and a patient 
with narrowing of the proximal part of the graft. In 
several investigations we were able to demonstrate 
stenotic residual lesions which required careful follow- 


less, 


IR 


C. Teeuwen, B. C. Eikelboom and J. W. Ludwig 





Figure 7. 
prosthesis composed of several sections of venous material. 


Dista] anastomosis of a femoro-crural bypass 


up and re-operation. Residual arterio-venous fistulae 
after in situ bypass grafts can be visualized, as well as 
remaining valves. 

In our opinion, even in this group of post-operative 
patients, intravenous DSA has given useful information 
about anatomical configuration and function of the 
graft. We do not recommend intra-arterial DSA for 
post-operative follow-up of peripheral reconstructions. 
Only in patients where there is malfunction of the graft 
or severe stenosis found after intravenous DSA should 
intra-arterial DSA be performed, usually in combina- 
tion with dilatation of the stenosis. At present we are 
evaluating duplex investigation of the lower limbs, 
which might be a more promising method of 
investigation. 


Conclusions 

Routine post-operative conventional angiography 
before discharge of the patient is rarely reported in the 
literature. This is understandable because on clinical 
grounds one does not expect to find sufficient 
abnormalities to justify an invasive and expensive 
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procedure. The long-term results of the above- 
mentioned procedures are good, but if complications 
occur, they are usually such that re-operation is 
necessary. This consideration, together with our 
favourable impression of the intravenous DSA tech- 
nique since 1980, showing low risk and good patient 
acceptance, has led us to its routine use in the early 
post-operative period after almost all vascular 
reconstructions. In principle, the only patients excluded 
are those with renal insufficiency, poor cardiac output 
or those who refuse the investigation. The performance 
of intravenous DSA after operation is not stressful for 
the patient and did not prolong the time in hospital. 
The benefits of this policy have been such that we 
continue to use it. There were far more abnormalities 
discovered than expected. Early post-operative applica- 
tion of intravenous DSA has provided important 
clinical information leading to changes in surgical 
technique, improvement in operative results and better 
patient care. 
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Some indicative parameters on diagnostic radiology in 


Spain: first dose estimations 
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Abstract. The Medical Physics Group at the Complutense University of Madrid has been co-ordinating, for approximately 
| year, a project on optimization of radiation protection in diagnostic radiology, in co-operation with the other states of the 
European Community. Exhaustive data on the subject, which offer accurate results on patient dosimetry for the different types of 
examination, are the final aim of the project. So far, it has been possible to analyse in detail the data from the National Institute 
of Health (NIH), which manages the care of about 96% of the Spanish population, plus the findings from several hospitals, 
outpatient centres and private clinics of the community of Madrid, which allowed us to perform the first dose estimations and to 
extrapolate them to the rest of Spain. The following estimations are presented: annual frequency of different examinations, their 
variation from 1985 to 1986, number of diagnostic rooms used for a given minimum of annual examinations, organ doses for 
different examinations, effective dose-equivalent, genetically significant dose for some examinations, as well as the collective dose. 


The Medical Physics Group at the School of Medicine 
of the Complutense University of Madrid initiated a 
study of radiation doses in relation to diagnostic 
radiology in the area of Madrid in 1986, in co-operation 
with the Department of Health and Consumer Affairs 
and several Madrid hospitals (San Carlos University 
Hospital, Primero de Octubre and La Princesa 
Hospitals, and Gomez Ulla Military Central Hospital), 
as well as some outpatient centres. Although many of 
the results and conclusions obtained may be extra- 
polated to the rest of Spain, a second phase of the study 
is currently under design in co-operation with the 
Department of Health, which will involve sampling 
throughout Spain. 

The project has the technical and economic support 
of the European Economic Community (EEC), the 
Advisory Committee on Scientific and Technical 
Research (CAICYT), the Department of Health and 
Consumer Affairs and the Nuclear Safety Council 
(NSC), during this first stage. 

Although it is still too early to obtain sufficiently 
reliable data for the different types of examination, we 
feel i is important to report a first assessment, 
inevitably using preliminary figures and a few indirect 
estimations. We hope this may facilitate comparisons 
between diagnostic radiology in Spain and in the other 
EEC countries and the rest of the world, even at this 
level of approximation. It is hoped that accuracy will 
improve during the project (which is expected to last 3 
years in its initial stage), leading to a higher degree of 
awareness on the part of those providing the 
information, who are relatively distant from our base. 
Data on the population numbers cared for at the 
different centres. number and distribution of X-ray 
examinations in private medicine, etc., were provided 
and proved to be useful in the completion of this work. 

in Spain, the National Health Service (NHS), 
through the National Institute of Health (NIH), cares 
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potentially for the health of approximately 96% of the 
population (NIS, 1986a; NIH, 1987a, g). This responsi- 
bility is being transferred from the NIH to the regional 
institutions (this has already occurred in Cataluna and 
Andalucia Autonomous Communities). Each person 
affiliated to the NHS has a card which entitles his/her 
family to receive health care in the NHS network. 
Radiological examinations are performed mainly in 
hospitals and outpatient centres, the latter being the 
first link in the patient’s radiological diagnosis. Private 
diagnostic radiology is used by the remaining popula- 
tion (not counting the population served by military 
hospitals), and by patients who, in spite of having 
access to NHS diagnostic radiology services, prefer to 
choose the private sector for different reasons. 

During this first year of study, data have also been 
furnished by national, regional and local health 
institutions including the NSC. The Deputy Directorate 
of Food, Health and Consumer Protection also- 
contributed valuable advice and help throughout the 
data-collection process. 

Hospitals involved in the project comprise between 
700 and 1500 beds and serve 36% of the population of 
the Autonomous Community of Madrid (ACM). The 
data available from outpatient centres refer to 31% of 
the ACM population and those from the private sector 
were obtained from 16 centres, according to the 
documentation presented at the NSC by these centres, 
for licensing of their corresponding installation (NSC, 
1987, personal communication; Vano & Alvarez, 1987, 
unpublished) with comprehensive data from one centre 
(Morillo, 1987). 

Data were available from all the Autonomous 
Communities through the Directorate General of the 
NIH, except for Andalucia and Cataluña, and 
amounted to 67% of the Spanish population. Any 
possible variation presented by these two Communities 
will not be significant, since as a whole their 
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Table I. Growth in the number of physicians in Spain 

Samnoma 
1981 1982 1983 1984 1985 


Population 


(millions) 37.62 37.96 38.17 38.39 38.60 
Licensed 

physicians 96569 104759 11525} 121362 127195 
Dentists 4032 4065 4458 4682 $137 
No. of inhabitants 

per physician 39] 362 33] 316 303 


No. of inhabitants 

per physician 

(without dentists) 408 378 345 329 316 
amean rea 
The Official Bulletin of the General Council of Physicians, 
(GCP, 1987) note that the current number of unemployed 
phsicians is 27000 and that this figure will reach 51000 by 
1992. 
The possibility of double licensing (motivated by the need to 
meet this requirement in order to have access to jobs in 
different counties and the fact that the number of members of 
Physician Colleges may be out date could affect the accuracy 
of the data. l 
Sources: NIS (1986b), DHCA, (1984) and GCP (1987). 


characteristics must be close to the nation’s average, 
although they may show individual difrerences. We 
therefore assumed that the results obtained for that 
67% of population could be extended to the whole of 
Spain. 

The report from the National Institute of Statistics 


Table H. Population covered by the National Institute of Health 


(NIS, 1986a, b), enabled us to analyse the population of 
the different Autonomous Communities. From their age 
distribution and number of offspring, it was possible to 
derive the child expectancy as a function of age (Taylor, 
1980), which was assumed to be identical for the whole 
of the Spanish territory in the absence of better sources 
of data (Delgado et al, 1987), and to calculate the 
genetically significant dose. In some cases, it has been 
possible to obtain detailed information on the 
characteristics of the population cared for (NIH, 
1986b, 1987c; ACM, 1987). 


Some parameters relating to diagnostic radiology in 
Spain 

One of the fundamental parameters in assessing the 
health care level of different countries, which is directly 
related to the number of radiological examinations 
performed, is the number of inhabitants per physician. 
Table I shows the evolution of this figure throughout 
the past few years. At present, Spain has about 300 
inhabitants/physician. 

Table II presents some significant data on Spain’s 
public health care, obtained from official reports (NTH, 
1986a; NIH, 1987a). Among the most significant would 
be the ratio of 22316 inhabitants per NIH radiologist 
and 82.3 public hospital beds per hospital radiologist. 

A detailed survey of diagnostic X-ray equipment is 
still not available. The NSC performed a survey in 1983 
(NSC, 1987, personal communication) with this 
objective, but the level and detail of the answers has not 





Autonomous Beds in Diagnostic radiology Population Population 
community service specialists NIH card? census 
Hospital Outpatient 

Aragon 3285 33 33 1165 70} 1184295 
Asturias 2382 34 16 1061 248 1112 186 
Baleares 1138 7 16 671 332 680 933 
Canarias 1846 22 22 1401 184 1449 758 
Cantabria L173 3] 8 482942 522 664 
C. La Mancha 2959 23 33 1598 967 1675715 
Castilla Leén 5729 58 52 2472 319 2582 327 
C. Valenciana 6527 67 81 3617712 3732679 
Extremadura 1942 i2 16 1050 025 1086 420 
Galicia 3847 31 46 2673 741 2843 498 
La Rioja 513 5 5 257 341 260 024 
Madrid 9554 18] 119 4494 557 4780 572 
Murcia 1430 28 14 964 503 1006 788 
Navarra 638 6 HI 509 697 523 787 
Pais Vasco 3406 26 50 2038 267 2136 100 
Melilla 15] 0 I 35 605 52 388 
Ceuta a 0 2 47893 65151 
Sub-total 46414 564 538 24 543034 25 695 285 
Andalucia? 6670 257 6789 772 
Cataluña’ 5760 462 6073258 
Estimated total 69275 842 803 36973 753 38 558 315 


“Total number of inhabitants included on NHS cards. "The Andalusian and Catalan € 
reports since responsibility in health care matters has been transferred from the central 


(1986a). 
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ommunities are no longer included in NIH 
Government. Sources: NIH (1987a,f), NIS 


Table HI. Estimate of the amount of diagnostic radiology 
equipment performing over 1000 examinations per year” 





Mean number of rooms 
or equipment aoumen 
328 8 Outpatient centres 


{49 in Catalufia and 26 in Madrid) x 4 rooms 


124 Residences x ¥ rooms 
44 Hospital centres x 15 rooms 
6 Special centres x 20 rooms 
17 General residences x 15 rooms 
27 Other x 2 rooms 


Total Department of Health 
and Autonomous Communities 
Department of Defence 
36 centres x 10 rooms 
Local administration and other 
297 centres x 3 rooms 
Private clinics 
438 centres x 3 rooms 
Private offices 
and other 


3517 rooms 
360 rooms 
891 rooms 

1314 rooms 


2718 rooms 


Total R&D rooms 





“Excluding dental X-ray units. 
(The number of centres was taken from the Annual Statistical 
Report of 1986 (NIS, [986b) and refers to 1983). 


yet made it possible to establish the correct figures. In 
Catalufia, a study during 1986 revealed a total of 5626 
such installations (NSC, 1987, personal communica- 
tion}, including public and private hospitals, occupa- 
tional medical services, dental equipment, private clinics 
and offices, primary care centres, etc. 

A preliminary analysis of the results of this study 
carried out jointly by us and technicians from the NSC 
(Vaio & Alvarez, 1987, unpublished) allowed to us to 
estimate the number of machines performing over 1000 
examinations per year, from an estimation of the 
number of machines attributed to each centre 
(Table 11) and the number of examinations per 
machine (Table IV). From these estimations, a figure of 
0.23 machine per 1000 inhabitants was derived or, 
alternatively, 4400 inhabitants per machine. 

To estimate the annual number of radiological 
examinations, partial analyses of different diagnostic 


Table FV. Estimate of the number of annual examinations 
per X-ray machine 


Heath care unit Range 
Hospital.< centre 4000-8000 
Outpatient centre 5000-9000" 


Private office 2500-11 500° 

RONNE E EEEE AO AEE iim 

"Mean value of eight outpatient centres in Madrid: 8115. 

"The figure of 11 500 is reliable for a general radiology private 

office working mornings and afternoons. 

A sampling of 16 private centres (NSC, 1987, personal 

communication, Vañó & Alvarez, 1987, unpublished) shows an 
average value of 2240 examinations per machine. 


22 


E. Vañó, L. González, A. Calzado, P. Morán and V. Delgado 


radiology sectors have been made. As indicated earlier, 
there are three well differentiated types of diagnostic 
radiology practice in Spain: one, performed in hospitals 
belonging to the Department of Health network (or to 
the Department of Health of the Autonomous 
Communities, as in the case of Andalucia and 
Cataluña), a second performed in outpatient centres 
(also depending on the corresponding Department), and 
a third performed in the private sector (private 
hospitals, clinics and offices). 

The diagnostic radiology performed in any of the 36 
centres of the Department of Defence (NIS, 1986a) or 
in local administration centres is not included. 
However, since one of the participating hospitals in this 
project is the.Gomez Ulla Central Military Hospital, it 
will in fufare be possible to obtain some parameters in 
relation to diagnostic radiology at this type of centre. 

The most difficult information to collect is that from 
the private sector, Except on very rare occasions, it 1s 
not possible to obtain precise information in this area. 
The most important private health care groups were 
consulted but a response was received from only one of 
them (SANITAS, 1987, personal communication). On 
the other hand, data presented to the NSC for licensing 
such installations are scarce and of questionable 
reliability, especially in relati@n to the number of 
examinations undertaken each year. 

Information concerning the amount of X-ray film 
purchased in Spain each year has not been available 
from the different manufacturers and suppliers. One 
agreed fact, which has even been reflected in the 
Department of Health and Consumer Affairs internal 
reports (DDHET, 1987), is that about 20% of the total 
radiographic film sold annually in Spain is used in 
private radiology. We have assessed the average number 
of films/examination (excluding mammography and CT 
scans, where special types of films are used), as well as 
the average film area. The latter ranges from 0.100 m? 
in private radiology to 0.118m?* in hospitals and 
outpatient centres (Table V), which enabled us to 
establish that 26% of examinations were performed in 
the private sector. 

With this figure added to the detailed information 
obtained from hospitals participating in the project, and 


Table V. Use of films in the Autonomous Community of 
Madrid 


nara vara Naa a AER Te ADANAN AAAS 


No. of Mean Percentage of Percentage 
films per area per examinations of area 
examination fim? 
(m°) 
aaraa A AAAA A 
Hospital 
centres 2.7 OJIS 34 43 
Outpatient 
centres 2.0 0.118 40 37 
Private 
radiology 2.0 0.100 26 20 


Mean weighted value 2.24 films per examination 


aT TTT ATANA KANTAA r ETTAN ABBAA OEE EA AA 


Excluding mammography and CT. 
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the data from outpatient centres obtained by different 
sources (Ramirez, 1986, personal communication: Ruiz, 
1987, personal communication), it was possible to 
estimate the number of annual examinations per 1000 
inhabitants in the ACM. To extrapolate this figure to 
the remainder of Spain, NIH official data (NIH, 1986b), 
along with the assumption of an equal private sector 
contribution (26%) in all the country, have been 
considered. The latter has been deduced from requests 
for the licensing of facilities, which are centralized by 
the NSC for all the Spanish territory (Vañó & Alvarez, 
1987, unpublished). The amount of private practice can 
be explained in terms of compensation for the less 
varied public health available in medium and small 
cities. = 

One of the most critical aspects of these estimates 
refers to the population which may potentially be 
served by the different centres (when an attempt is made 
at distributing the number of examinations performed 
in a hospital or outpatient centre by a given number of 
inhabitants). Wide discrepancies may be found, due 
partially to the lack of reliable figures on the mean 
number of people included on an NHS card, as well as 
the care rendered to patients not assigned to a given 
centre, by virtue of the freedom of choice of physicians. 
Values ranging from 2.1 to 3.0 persons per card are 
found. The most current official data supplied by the 
NIH, ranging from 2.2 to 2.4 (Lamata, 1986; NIH, 
1987e), were used in our case. 

Hospitals in large cities also serve a small percentage 
of patients from other counties. In the Autonomous 
Community of Madrid in 1986, this amounted to 
7.14% of the total number of admissions and 0.9% of 
the hospital visits (NTH, 1987e). 

Another factor to consider, and which should also 
make some adjustments to the final results, refers to the 
number of centres contracted by the NIH to serve NIH 
patients. Although this number has progressively 
decreased, 1.93% of the total visits in the Community 
of Madrid and 26.3% of the hospital admissions were 
in 1986 to contracted hospitals (comprising 40% in 
non-NIH_ public hospitals and 60% in private 
hospitals). Nevertheless, part of the effect this may have 
on the number of annual examinations per 1000 
inhabitants is offset by the percentage attributed to 
private radiology. 

The following figures can be established from the 
above information. 

In the ACM (population 4.8 million, 12% of the 


Table VI. Increase in the number of radiological examinations 


Year Increase 
ASE ee ne 
1985 i986 SD 
Hospital centre 
(31 machines) 133409 {41578 6.1 
Outpatient centre 
(6 machines) 46 103 47 393 2.8 
Private office 
(2 machines) 23076 22656 ~-1.8 
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whole of Spain), the annual number of X-ray 
examinations per 1000 inhabitants is distributed by 
sectors in the following way: 200 in hospitals, 230 in 
outpatient centres and 150 in the private sector, giving a 
total of 580 examinations per year and per 1000 
inhabitants. 

For the whole nation, and according to official data 
for 1986 (NIH, 1986a), a total of 20888000 radio- 
graphs were obtained (44% in hospitals and 56% in 
outpatient centres), for a total of 24592723 potential 
users (the whole of Spain except the Autonomous 
Communities of Andalucia and Cataluña, which 
amount to 33% of the total Spanish population). 

It could be inferred from the average number of 
radiographs per examination deduced by us in Madrid 
(2.7 in hospitals and 2.0 in outpatient centres), that 
about 9501000 X-ray examinations were performed in 
NIH centres in 1986 (39% in hospitals and 61% in 
outpatient centres). The hospital ratio was fixed at 2.5 
for the whole of the nation, according to the partial 
analysis based on data from regional and local reports 
(Lamata, 1986; NIH, 1987c; NIH, 1987d). 

If these results are extrapolated to the nation as a 
whole, and assuming (as has already been mentioned) 
that private radiology accounts for 26% of the examina- 
tions, as in the case of the Community of Madrid, we 
would have, for a population of 38.8 million, a total 
annual number of examinations per 1000 inhabitants of 
490, shared by hospitals (140), outpatient centres (223) 
and private practice (127). In both cases (ACM and 
Spain) estimates were made without considering labour 
and military mass screening or dental examinations. 


Variation of annual frequency of examinations 

A detailed analysis was performed on the variation of 
the annual frequency of examinations in some centres in 
Madrid between 1985 and 1986. The centres chosen did 
not show any substantial changes with regard to 
equipment, personnel or population attended. The 
results of this analysis are shown in Table VI. 

The average increase in the number of examinations 
for the area of Madrid would be 2.7%, while the 
average for the whole of Spain, if we were to apply the 
same percentages, would be 2.5%. The difference is due 
to the different incidence of the various types of 
radiology attributed to the Community of Madrid 
(34% hospital, 40% outpatient and 26% private) and 
to the nation as a whole (28% hospital, 46% outpatient 
and 26% private). 


Frequency of some examinations per 1000 inhabitants 

In order to perform an analysis of the frequency of 
hospital radiological examinations (Tables VII and 
Vill), data obtained from the San Carlos University 
Hospital (HUSC) were used, as this centre does not 
present distortions with regard to its functioning and 
the patient population served during the year of the 
analysis (1986). Also, this hospital has a very good 
data-processing centre which enabled some of the data 
obtained to be compared using different methods of 
analysis. 

The San Carlos University Hospital has 1406 
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Table VIL Estimate of the frequency of radiological 
examinations by sectors in the Autonomous Community of 
Madrid 


ated aca SRE RR A VSPA DE ERSA LAI OH SAAN AAT rE 


No. of examinations (per 1000 inhabitants 


Hospitals Private 
centres centres 
(%) (%) (%) 

Total 200 230 150 
Extremities 30 (15) 30 (13) 30 (20) 
Skull 6 43) 7 B) SeA 
Simple 

abdomen io (3) 23 (10) l4 (9) 
Spine i4 (7) 58 (25) 38 (25) 
Hip and 

pelvis 6 (3) 7 Q) 5 (3) 
Chest 62 Gh) 62 (27) 30 (20) 
GI tract § (2.5) 23 (10) 17 (ii) 
Urology 3 ¢4,5) 7 3) 5 Q) 
CT scan 6 3.2) on 4 (2) 
Other 52 (25.8) i4 {6) 6 (4) 

Mammography (1.2) 

Vascular (2.0) 

HSG (0.2) 

Myelography (0.2) 


_tawsvechesos ese testa bE AH ME LI AABS ARAA NNO 


operative beds, 18 radiodiagnostic rooms and 13 
portable X-ray machines (not including the catheteriza- 
tion room or dental equipment). The hospital serves 
690.000 potential users (14.2% of the ACM population) 
and performed 141578 radiological examinations 
during 1986 (ultrasound examinations, which amounted 
to 19291, or 12% of the total number of examinations 
performed in the Diagnostic Radiology Services, are 
not included). In 1986, 414265 radiographs were taken. 

Of the total number of radiological examinations, 
137197 were conventional examinations (excluding CT 
scans), involving 391865 films, which amounts to an 
average of 2.86 films per examination in this centre. 

in 1986, the HUSC had 26348 patient admissions, 
191355 outpatient visits and 72898 emergency 
admissions, making a total of 265990 (HUSC, 1987), 
with an index of 0.53 radiological examinations per 
attended patient. Similar values have been obtained in 
other centres (NIH, 1987b, d; Nuñez, 1987, personal 
communication), albeit in some instances (NIH, 1987c), 
as for the La Fe Hospital of Valencia, with 1992 beds 
and a value of 0.42 examinations per attended patient. 
However, this figure excluded maternity hospital care 
(204 $52 examinations and 489094 patients served), as 
in this hospital the care burden is higher than the rest, 
since the centre holds 30% of the hospital beds in the 
Community of Valencia. 

The analysis of examination frequency in outpatient 
ventres (Ramirez, 1986, personal communication; Ruiz, 
1987, personal communication) has supplied a total 
number of 302893 examinations per year referred to 
nine outpatient centres in Madrid. 

For the private sector, data from a national insurance 


24 


E. Vañó, L. Gonzalez, A. Calzado, P. Morán and V. Delgado 


Table VII. Estimate of the frequency of radiological 
examinations in the Autonomous Community of Madrid and 
the whole of Spain 





No. of examinations (per 1000 inhabitants 


per year) 

Autonomous Whole of vo 

Community Spain’ 

of Madrid 
Skull [8 15 3.4 
Spine 110 97 19.8 
Chest 154 128 26.0 
Mammography 7 i4 29 
Abdomen 53 45 9.2 
Gl tract 45 40 8.2 
Urography 15 13 2.6 
Hip and pelvis 18 15 3.1 
Extremities 90 75 15.3 
CT 10 ; 1.4 
Other 50 4] 8.4 
Total S80 490 100 
anana AA AEA AAAA 


“Values for Spain as a whole were extrapolated assuming the 
same frequency distribution of examinations as in the 
Autonomous Community of Madrid. 

The table does not include mass labour and military screening 
or dental examinations. 


company (SANITAS, 1987, personal communication) 
along with those for one private centre of Madrid 
(Morillo, 1987) have been analysed. In addition, the 
results from 16 private centres, comprising 43 rooms 
and 96 320 annual examinations, were used (NSC, 1987, 
personal communication; Vañó & Alvarez, 1987, 
unpublished). 


Patient dose estimation 

As noted previously, we have not yet carried out all 
the necessary measurements and evaluations in order to 
obtain accurate dose values for all types of examina- 
tion. Nevertheless it was possible, during the first year 
of the project, to obtain information on over 60000 
hospital examinations with details of the technical 
parameters employed, operator and equipment 
involved, place where performed, patient sex and age, 
as well as a smaller number of examinations performed 
in outpatient centres (Ramirez, 1986, personal 
communication; Ruiz, 1987, personal communication) 
and private offices (NSC, 1987, personal communica- 
tion; Vafio & Alvarez, 1987, unpublished). 

Using mean and range values of those parameters 
(kVp, mAs, screening time, etc.) exposure measure- 
ments were made at skin level (without backscattering), 
in several rooms of the different centres and for a large 
number of examination modes (Vañó et al, 1987a), with 
properly calibrated Victoreen Radcheck ion chambers. 
Measurements of the exposure times per area for some 
complex examinations (digestive tract, intravenous 
urography, etc) were also made by using a Diamentor 
(PTW Freiburg) transmission ionization chamber. 

Similarly, in urography, measurements have been 
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Table IX. Estimate of organ doses in computed tomography 





Organ Dose (uGy) 
Ovary 730 
Testes 82 
Bone marrow 3 400 
Thyroid 310 
Breast | 600° 
Pancreas 7 600 
Liver 20 700 
Kidney 22 600 
Intestine 7 000 
Stomach 20 000 
Spleen 22 000 
Muscle entrance 26 800 
Lung 1 200 
Effective dose equivalent 

for liver CT 6.3 mSv 
Estimated effective dose equivalent 

(Drexler et al, 1984) 

Head 2.8 mSv 

Chest 4.4 mSv 

Liver 6.1 mSv 





“Male phantom, measured at the surface 

Measurements were performed on a Remab phantom from 
Alderson, with TLD, for a 14 contiguous slices liver scan with 
a CT General Electric CT/T scanner. 


made of the absorbed dose (in muscle) at point of entry, 
directly on patients, using TLD-100 dosemeters from 
Harshaw (Moran et al, 1987). This type of measure- 
ment is currently being co-ordinated among some EEC 
states. 

Organ dose measurements have been initiated on a 
Remab phantom from Alderson, specially designed for 


Table XI. Estimate of dose in gonads for some types of 
examination 





Type of examination 


Female (mSv) Male {mSv} 


Intravenous urography 5,3 J 
GI tract dl 0.13 
Chest 0.025 0.005 
Liver CT 0.73 0,082 





Sources (Calzado et al (1987), Delgado et al (1987), Moran 
et al (1987), Vañó et al (1987a)). 


diagnostic radiology, using between 40 and 50 TLD-100 
chips for dose estimations in each radiological 
examination (Calzado et al, 1987). We have results 
from digestive tract examinations (following introduc- 
tion of the corresponding contrast medium into the 
stomach), chest, conventional chest tomography, 
computed tomography and urology. A Rando phantom 
has also been used, following a similar procedure, to 
perform several measurements in chest (Gonzalez et al, 
1987b) and skull examinations. 

With all this information, and bearing in mind the 
variations recorded within the same centre and between 
the different centres participating within the project, we 
have made an estimation (Vañó et al, 1987b) of the 
organ doses, using both the phantom measurements 
and the values derived from data from Jones and Wall 
(1985) and Drexler et al (1984). 

In the case of chest and urographic examinations, it 
has already been possible to perform a more detailed 
analysis (Delgado et al, 1987; Gonzalez et al, 1987a: 
Moran et al, 1987), which enabled us to derive the 
genetically significant dose in these cases. 


Table X. Estimate of effective dose equivalent for different medical diagnostic X-ray examinations in the Autonomous 


Community of Madrid 


SNL CL TTT TT LL aa a N E AOE N 


Type of Estimated 
examination effective dose 
equivalent? Hospital 
{mSv} {mSv} 
Skull 0.2 0.006 
Spine 1.0 0.070 
Chest 0.16 0.050 
Abdomen 1.5 0.120 
GI tract 10,2 0.255 
Urology 7.0 0.105 
Hip and pelvis 2.8 0.084 
Extremities 0.1 0.015 
CT 5.0 0.160 
Others 3.0 0.774 
0.5 
Subtotal (mSv) 1.640 
Examination 
percentages 34% 


Effective dose equivalent per inhabitant 1.04 mSv 


MaA raaraa rd hamm a AAAA A A a m a etme 


Mean effective dose equivalent weighted by frequency 


mae a AA AAAA AAAA A yane TAA N EAA hn AAAA i anaa 


Outpatient Private Total 
(mSv) (mSv) E E N i 
(mSv) (%) 
0.006 0.006 0.006 0.3 
0.250 0.250 0.189 10.4 
0.043 0.032 0.043 2.4 
0.150 0.135 0.136 75 
1.020 1.122 0.781 43.1 
0.210 0.210 0.174 9.6 
0.084 0.084 0.084 4.6 
0.014 0.020 0.016 0.9 
—~ 0.100 0.080 4.4 
0.030 0.025 0.282 15.6 
1.810 1.980 1.810 
40% 26% 


Saenen 


“These values are to be more precisely evaluated. 


The table does not include mass labour and military radiological controls and dental radiology. 
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With regard to computed tomography, the results 
presented correspond to the experimental results 
measured in the phantom already described for a liver 
CT sean, with 14 contiguous slices and using a General 
Electric CT/T (MSI) machine. The doses for head and 
chest CT scans have been derived from the data of 
Drexler et al (1984), using reference values from this 
equipment. The different results obtained are indicated 
in Tables IX-XI. A first estimation of the mean 
effective dose equivalent per radiological examination in 
the Madrid area gave a value of 1.8IlmSv, leading to 
1.04 mSv per inhabitant per year. _ 

if we assume that the 1.81 mSv value can be 
extrapolated, once properly corrected with the percent- 
ages of hospital, outpatient and private radiology, to 
the national whole (1.7! mSv), the 490 examinations per 
1000 inhabitants per year would imply 0.84 mSv per 
inhabitant per year in Spain. The collective dose 
equivalent which would be attributed to diagnostic 
radiology would then be 32510 man-Sv. 

The genetically significant dose for chest and urinary 
tract examinations (without taking into account the 
incidence in the paediatric population), turned out to be 
0.1 and 17 wGy, respectively (Delgado et al, 1987; 
Gonzalez et al, 1987a: Moran et al, 1987). 


Acknowledgments 

This study was partially supported by the CEC (contract 
Bi6-214-EA), the CAICYT, the Department of Health and 
Consumer Affairs, and by the Nuclear Safety Council. 


References 
ACM, 1987. Health and Social Services Picture. I, 


Demography and Secial Structure Profile of Areas, Districts 
and Basic Zones (Autonomous Community of Madrid, 
Health and Social Welfare Council, Madrid) (in Spanish). 

CALZADO. A.. VANG, E„ Moran, P., CASTELLOTE, C., MARCO, 
M., DELGADO, V. & GonzaLez, L., 1987. Preliminary organ 
dose estimations for radiological procedures on a REMAB 
phantom. In Proceedings of the Second National Congress on 
Radiation Protection. Toledo, November 1987 (in Spanish). 

DDHET, 1987. Criteria for evaluation of medical X-ray films 
(1) (Deputy Directorate of Health Evaluation and Tech- 
nolegy, Department of Health and Consumer Affairs, 
Madrid) (in Spanish). 

Decoapo, V., Moran, P., VaNo E., Gonzalez, L. & 
Carzapo, A., 1987. Hospital X-ray chest examinations 
contribution to GSD in the region of Madrid. In 
Proceedings of the Second National Congress on Radiation 
Protection, Toledo, November 1987 (in Spanish). 

DHCA, 1984. Physicians Supply and Demand in Spain 
(Department of Health and Consumers Affairs, Madrid) (in 
Spanish). 

DREXLER, G., Panzer, W.. WipenMAn, L., WILLIAMS, G. & 
Zanki, M., 1984. The Calculation of Dose from External 
Photen Exposures using Reference Human Phantoms and 
Mente Carlo Methods. Part HE Organ Doses in X-ray 
Diagnosis, GSF-Bericht 5-1026. 


GCP, 1987. Information Bulletin of the General Council of 


Physicians, no. 107 (in Spanish). 

CIONZALEZ, L., VANG, E., Carzano, A., DELGADO, V., MORAN, 
P. Lopez, P. & Bezares, M., 1987a. Dosimetric evaluation 
in diagnostic radiology installations in Spain. In Proceedings 


26 


E. Vario, L. Gonzalez, A. Calzado, P. Moran and V. Delgado 


of the Sixth European Congress of Radiology, Excerpta 
Medica International Congress Series, No. 749 (Elsevier 
Science Publishers, Amsterdam), pp. 497-500. 

GONZALEZ, L., WANG, E., FERNANDEZ, P. & MANZANAS, M. J., 
1987b. Biological tissue equivalent phantom dosimetry for 
X-ray chest examinations. In Proceedings of the Sixth 
National Congress of Medical Physics, Badajoz, September 
1987 (in Spanish). 

HUSC, 1987. Annual Report 1986, (Department of Health and 
Consumer Affairs, San Carlos University Hospital, Madrid) 
(in Spanish). 

Jones, D. G. & War, B. F. 1985. Organ Doses from Medical 
X-ray Examinations Calculated using Monte Carlo 
Techniques. NRPB Report NRPB-RI86 (HMSO, London). 

LAMATA, F., 1986. Private communication. 

Moran, P., VANO, E.. MORILLO, A., CALZADO, A., GONZALEZ, 
L., CASTELLOTE, C., DELGADO, V. & Marco, M., 1987. A 
first estimation of dose to adult patients for X-ray urinary 
tract examinations. In Proceedings of the Second National 
Congress on Radiation Protection Toledo, November 1987 
(in Spanish). 

MORILLO A., 1987, Private communication. 

NIH, 19864. Annual Report (Department of Health and 
Consumers Affairs, National Institute of Health, Madrid) 
(in Spanish). 

NIH, 1986b. Health Diagnosis, Outpatient Centres, 10th Sector 
(Department of Health and Consumer Affairs, National 
Institute of Health, Madrid) (in Spanish). 

NIH, 1987a. Report on Functional Economy of Health 
institutions 1985, Volume H (Department of Health and 
Consumer Affairs, National Institute of Health, Madrid) (in 
Spanish). 

NIH, 1987b. Management Reports (Department of Health and 
Consumer Affairs, National Institute of Health, Provincial 
Directorate, Madrid), (in Spanish). 

NIH, 1987c. Annual Report 1986. Affairs (National Institute of 
Health, Provincial Directorate, Avila), (in Spanish). 

NIH, 1987d. Annual Report 1986. La Fe Hospital (Department 
of Health and Consumers Affairs, National Institute of 
Health, Valencia), (in Spanish). 

NIH, 1987e. Management Report 1982-1986 (Department of 
Health and Consumer Affairs, National Institute of Health, 
Provincial Directorate, Leon), (in Spanish). 

NIH, 1987f. Annual Report 1986 (Department of Health and 
Consumer Affairs, National Institute of Health, Provincial 
Directorate, Madrid), (in Spanish). 

NIH, 1987g, Budget for the Coming Year (draft document), 
Volume I. Economical Area (Department of Health and 
Consumer Affairs, National Institute of Health, Madrid. (in 
Spanish). 

NIS, 1986a. /985 Fecundity Inquiry {preliminary results} 
(National Institute of Statistics, Madrid), (in Spanish). 

NIS, 1986b. Annual Statistical Report of Spain (National 
Institute of Statistics, Madrid (in Spanish). 

Taylor, F. E., 1980. Estimation of Child Expectancy for the 
Population of the United Kingdom in 1974 to be used in the 
Calculation of Genetically Significant Dose, NRPB Report 
NRPB-M49 (HMSO, London). 

VANO, E. et al., 1987a Optimization of Protection in Medical 
Diagnostic Radiology Project. First Stage (April 
1986~-February 1987), Preliminary Report, (in Spanish). 

VaÑó, E.. Moran, P., CALZADO, A.. GONZALEZ, L. & 
DELGADO, V., 1987b. A first estimation of doses associated 
with diagnostic radiology in the region of Madrid. In 
Proceedings of the Second National Congress on Radiation 
Protection, Toledo, November 1987 (in Spanish). 


The British Journal of Radiology, January [989 


1989, The British Journal of Radiology, 62, 27-30 


Transient diverticula of the colon 
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Abstract. Transient diverticula are radiological phenomena that can be observed in a minority of patients undergoing barium 
enema. Radiographs before and after smooth muscle relaxation are required. Diverticula seen on the early radiographs may, in 
some patients, disappear following the intravenous administration of 20 mg hyoscine-N-butylbromide (Buscopan) Using this 
technique in 441 examinations, transient diverticula have been observed in 18 patients (4.1%), They exhibit many features of 
established diverticula which suggests that they represent an incipient stage of the disease. 


The observation that diverticula may be affected by the 
pharmacological action of drugs on colonic muscle was 


first made by Arfwidsson (1964). Following injection of 


the potent, smooth muscle stimulant prostigmine into a 
patient undergoing barium enema, questionable diverti- 
cula in the sigmoid colon became more apparent. More 
recently, in the Wessex region, transient diverticula have 
been observed by the action of muscle relaxants rather 
than stimulants. They were initially a chance finding in 
two patients (Fig. 1). Because of the barium enema 
technique now routinely practised, transient diverticula 
have been observed more frequently (Figs 2,3). These 


radiological phenomena confirm the important role of 


colonic muscle in the pathogenesis of diverticula and we 
Suggest that they represent an early stage of diverticular 
disease. 


Boge 


(a) 





Patients and methods 

A standard technique was used in 441 consecutive 
barium enemas performed by the authors over the period 
1985-86. Following barium infusion and air insufflation. 
an erect radiograph was taken to include the splenic 
flexure. Returning the patient to the supine position, 
20 mg of Buscopan was administered intravenously. In 
those suffering from ischaemic heart disease. the dose 
was reduced to 10 mg and a few patients had Glucagon 
(1 mg). After further air insufflation decubitus. Hampton 
and lateral rectal views together with appropriate spot 
radiographs were taken to ensure that the whole colon 
and abnormalities therein were adequately visualized in 
double contrast. Post-evacuation radiographs were 
taken if indicated. 

Examinations which had shown diverticula on the 





(b) 


Figure 1. (a) Sigmoid spasm obstructed the flow of barium in this 60-year-old man, who presented with change of bowel habit. Note 
also the sigmoid diverticula. (b) Following 20 mg intravenous Buscopan, both the spasm and the diverticula have disappeared 


Similar findings were also noted in a 76-year-old woman. 
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(b) 


Figure 2. A 68-year-old woman with abdominal pain. (a) On the 
initial erect radiograph numerous diverticula are shown in the 
descending colon. (b) Following Buscopan many of the diverti- 
cula have disappeared and those persisting are less prominent 
(c) On the post-evacuation radiograph 30 min later when muscle 
tone has returned, the diverticula are again more apparent 
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(a) 





(b) 


Figure 3. (a) Diverticula are seen in the sigmoid and distal descending colon of this 56-year-old man. (b) After smooth muscle 
relaxation, those diverticula in the descending colon have disappeared, 


initial erect radiograph but not on subsequent views were 
reviewed and the clinical details and radiological features 
recorded. 


Results 

Transient diverticula were observed in 18 
examinations, an incidence of 4.1%. They were twice as 
common in women as in men and occurred in patients 
ranging in age from 47 to 88 years (mean 64.5 years). 
Eight patients presented with abdominal pain, six with 
change in bowel habit, two with anaemia and two had 
rectal bleeding. The 14 patients with pain and changed 
bowel habit were thought clinically to have irritable 
colon or diverticular disease. In the anaemic patients, the 
causes were unrelated to the gastrointestinal tract. One 
patient with bleeding had haemorrhoids but in the other 
no cause was found. 

Transient diverticula were most commonly observed 
in the left hemicolon and evenly distributed throughout 
this region. In four patients they occurred in the proxi- 
mal colon. They were associated with prediverticular 
spasm in four patients and with sigmoid diverticular 
disease in six. 


Discussion 

These radiological phenomena give a useful insight 
into the natural history of diverticula. In their 
predilection for the left hemicolon, the older age group 


kan 
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and the female sex, transient diverticula exhibit many 
features of the established condition (Goligher, 1984). 
Their association with recognized manifestations of 
diverticular disease in 10 patients (56%) and the 
presentation of the majority with abdominal pain or 
change in bowel habit suggests that they do in fact 
represent an early stage of the disease. We might 
therefore expect them to occur at an earlier age, but no 
significant difference in the mean ages of those with 
transient as compared with established diverticula could 
be demonstrated. However, the difference in numbers 
between the groups is large (18 versus 179) and six 
patients had both forms of diverticula, so statistically the 
comparison is unsatisfactory. 

The use of muscle relaxants during barium enema has 
been advocated by several workers on the basis that it 
improves distension and facilitates the identification of 
small mucosal abnormalities (Young, 1964; Welin, 1967: 
Ferrucci & Benedict, 1971: Lee, 1982). For these reasons 
muscle relaxants are nearly always used in this 
department. If given routinely before the start of the 
examination, in a minority of patients diverticula will 
disappear and the diagnosis of early disease will be 
missed. A normal report in such a patient with pain or 
change in bowel habit may lead to further investigation 
to account for the symptoms. A radiograph before the 
injection of Buscopan overcomes this problem while the 
advantages afforded by muscle relaxation are preserved 





for the remainder of the examination. This technique 
may confer some immediate benefit to the patient as well 
as allowing the visualization of transient diverticula. 
When the injection is administered the patient is supine 
and thereafter only turned into prone and decubitus 
positions. Given that the erect posture facilitates filling 
of the caecal pole (Dreyfuss & Janower, 1980), we prefer 
to achieve this position before the injection and so 
minimize drug-induced side-effects. 

This response of diverticula to muscular relaxation 
clarifies some points about their pathogenesis. The 
muscle abnormality in diverticular disease was recog- 
nized towards the end of the 19th century (Lane, 1885) 
but its importance has only recently been emphasized 
(Morson, 1963). It was postulated by Painter et al (1965) 
that the thickened muscle, by segmental contractions, 
increased the intraluminal pressure sufficiently to cause 
mucosal herniation at points of weakness in the colonic 
wall. The demonstration of raised pressures in diseased 
colons (Arfwidsson & Kock, 1964; Painter & Truelove, 
1964; Parks & Connell, 1969), the pathological finding of 
herniated mucosa alongside perforating vessels between 
the taenia coli (Slack, 1962), the beneficial effects of 
sigmoid myotomy (Attisha & Smith, 1969) and our own 
findings, would support this hypothesis. Such a view 1s 
challenged by the normal pressures found in many 
asymptomatic patients with the disease (Weinreich & 
Anderson, 1976; Eastwood et al, 1978). This apparent 
discrepancy may be explained by regarding the condition 
as a disease spectrum (Almy & Howell, 1980). At one 
extreme are patients with high intracolonic pressures, 
few diverticula and severe pain and at the other are those 
with normal pressures, multiple defects in the colonic 
wall with numerous diverticula and no symptoms. What- 
ever the significance of these interacting factors, the 
constancy of the muscular thickening in affected indi- 
viduals and the response of some diverticula to a smooth 
muscle relaxant confirm that the uncomplicated disease 
is primarily a disorder of colonic muscle. 
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of acute injuries to the lateral ligaments of the ankle 
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Abstract. Technetium-99m hydroxymethylene diphosphonate scans were performed on 29 consecutive patients with acute ankle 
ligament injuries. Scanning reliably differentiated a severe from a minor injury. Severe injuries gave a diffuse uptake on the scan and 


the minor injuries a more localized increase in uptake. 


Many publications (Hughes, 1980; Galasko & Weber, 
1984) have commented on the use of technetium-99m 
labelled bone scans in the diagnosis of osseous trauma. A 
previous study of technetium-99m hydroxymethylene 
diphosphonate (“Tc"™-HDP) scanning in patients with 
foot pain following trauma revealed a number of patients 
with increased activity but no bony injury. The activity 
was thought to be due to uptake in injured capsule and 
ligaments (Maurice et al, 1987). The clinical significance 
of this finding has not been assessed previously. This 
paper reports the results of a prospective study of ”Tc*- 
HDP scanning in a consecutive series of acute ankle 
ligament injuries of varying severity. 

Funder et al (1982) showed that swelling of 4cm or 
more over the lateral malleolus correlated well with a 
significant ankle injury, 70% having a positive ankle 
arthrogram indicating torn ligaments and capsule. 
Staples (1975) and Fordyce and Horn (1972) advocate 
ankle arthrography to diagnose significant ligamentous 
tears, whereas Blanchard et al (1986) advocate peroneal 
tenography. Both of these procedures are locally 
invasive. 

If a non-invasive technique, such as ”Tc"-HDP 
scanning, were to differentiate reliably a severe injury 
from a minor injury, it would be useful in clinical 
management. 

The aim of this study was to demonstrate whether or 
not a "Tc™-HDP scan can differentiate a severe ankle 
injury from a minor one. 


Materials and methods 

Twenty-nine consecutive patients with acute injuries 
to the lateral ligament complex of the ankle, presenting 
to the Accident and Emergency Department of the 
Bristol Royal Infirmary between March and May 1986, 
were included in this study. 

There were 22 men and seven women, average age 31 
years (range 16-78 years) and 18 (62%) sustained their 
injury playing sport. 

All patients were assessed within 3 days of injury by 
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one surgeon (H.D.M.), the diagnosis confirmed and 
given a clinical grading—-minor, intermediate or 
severe—the grading depending on the size of swelling, 
site of tenderness and the patient’s ability to bear weight 
(Table I). Soft-tissue swelling was assessed on the plain 
radiograph and quantified by a soft-tissue index (STI) 
(Fig. 1) (Blanchard et al, 1986). A *Tc"-HDP scan of the 
ankles was then performed within 2 weeks of injury. The 
early and delayed scans were obtained by a standard 
method (Maurice et al, 1987). 

Treatment for all cases unable to bear weight was 2 
weeks in a plaster cast followed by active mobilization 
with an elasticated support, whereas those able to weight 
bear were given an elasticated support at once. 

The patients were followed-up to full recovery, which 
was defined as a return to pre-injury functional level and 
no complaints with the injured ankle. 

inversion and antero-posterior shift stress radiographs 
were taken following recovery, to demonstrate any 
residual instability. 

Statistical significance was assessed using Student's t- 
test. 


Results 

Those patients clinically graded as severe had more 
soft-tissue swelling on plain radiographs and took longer 
to recover than those in the minor group (Table H} both 
differences are highly significant (p< 0.01). 

In nine of the 11 patients classified as severe (Fig. 2), 
the ’Tc"-HDP scan showed a diffuse increase in uptake 
in the whole of the lateral ligament complex, extending 
variably across the whole ankle capsule, and present in 


Table I. Clinical grading of acute ankle injuries 





Severe Marked swelling > 4 cm 
Unable to bear weight 


Tenderness throughout ligament compiex 


Minor Minimal swelling <4 cm 
Able to bear weight 
Tenderness localized to one ligament only 


ie. anterior talofibular 


Intermediate Any combination of minor or major features 
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Figure 1. Calculation of the soft-tissue index. STI = A Š B x 100 


both the perfusion and delayed images (Table IHI). One 
patient in the severe group had activity localized to the 
tibiofibular syndesmosis and another had a normal 
scan— both of these had little soft-tissue swelling on their 
radiographs (STI 17.1 and 16.9, respectively). 

Those classified as minor (Table II) had either a 
normal scan or activity well localized to the injured 
ligament (Fig. 3). One patient in this group had a more 
diffuse uptake but had a low STI and behaved as a minor 
sprain in that full recovery was in 5 weeks. 

Those patients with a diffuse scan made a full recovery 
in a mean of 7.5 weeks, whereas those with a localized or 
normal! scan took a mean of 5.5 weeks to recover. This 
difference is significant (p < 0.05). The mean STI was also 
significantly greater for those with a diffuse scan (mean 
STI of 25.6) than the localized or normal scans (mean 


Table Il. Patients clinica! grading following ankle ligament 


injury 

e Ee 
Clinical n Mean Mean recovery 
grading STI time (in weeks) 
Severe i] 23.5 R 

Intermediate 7 22.4 6 

Minor iI 14.5 5 
Le 
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(a) 





(b) 


Figure 2. Case 1. A 19-year-old footballer with a severe lateral 
ligament injury of the left ankle. Plain radiographs showed no 
bony injury. (a) Anterior “Tc"-HDP scan of both ankles 
showing marked increased activity of the region of the left 
ankle. (b) Lateral ”Tc"-HDP scan of the left ankle showing 
marked activity over the capsule of the left ankle. 
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”Tc"-HDP scanning of acute ankle injuries 





(a) 





(b) 


Figure 3. Case 2. A 35-year-old woman with a minor sprain of 
the left ankle and tenderness over the distal attachments of the 
talofibular ligament. No bony injury was seen on plain 
radiographs. (a) Anterior “Tc"-HDP scan of both ankles 
showing increased activity in the left ankle region and maximal 
activity localized laterally along the talofibular ligament. 
(b) Lateral “Tc”-HDP scan of the left ankle showing activity 
mainly over the distal insertion of the talofibular ligament. 
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Table II. °°Tc"-HDP scan features following ankle ligament 
injury 


a 


Clinical Diffuse Localized Norma! Total number 
grading activity of patients 
Severe 9 l | I] 
Intermediate 3 4 — 7 

Minor | 6 4 1] 


EEE 


STI of 15.2), p<0.02 (Table IV). This indicates that a 
diffuse scan represents a more severe injury than those 
injuries giving a localized or normal scan. 

All patients except two made a full recovery. These 
two had returned to their pre-injury functional level but 
complained of minor pain which did not require 
treatment. 

Twenty of the patients had stress radiographs taken 
following recovery. None showed significant instability, 
and the other nine were clinically stable. 


Discussion 

These results confirm the earlier observation that soft- 
tissue injury alone may cause increased ”Tc”-HDP 
activity. Iimori et al (1975) noted that soft-tissue damage 
alone may cause abnormalities on a bone scan but did 
not comment on the significance or value of this. 
Rosenthall et al (1976) called this activity spurious and 
suggested that it should not mislead management. We 
recommend that when observing increased activity on a 
bone scan following trauma, where plain radiographs 
have shown no fracture, the possibility of soft-tissue 
injury should be borne in mind. The current report 
indicates how this activity may be of use in clinical 
management. 

A radionuclide scan will differentiate a severe from a 
minor ankle ligament injury, the severe injuries giving a 
diffuse uptake on the scan and the minor injuries a more 
localized increase in uptake. Scan findings correlated 
well with a careful clinical assessment, a slower recovery 
time being seen in those with a clinically severe injury 
and a diffuse scan. Those patients with equivocal clinical 
features, classified as intermediate, could be separated 
into severe or minor on the basis of their scan findings. 

In this study a number of the scans were not 
performed until the 2nd week following injury; however, 
there was no correlation between scan findings and time 
following ankle sprain. It is important to stress that the 
radionuclide scan should be performed as soon as 


Table IV. Recovery time and °°Tc"-HDP scan features 
m 


Scan features n STI Recovery time 
(mean) (in weeks) 

Diffuse 13 25.6 T5 

Localized/normal 16 15.2 5.5 


possible following injury, because excessive delay may 
invalidate its use. 

The management of severe ankle ligament injuries is 

controversial. Funder et al (1982), Fordyce and Horn 
(1972) and Staples (1975) advocate an aggressive 
approach with surgical repair of proven ruptured 
ligaments, but Freeman (1965) advocates mobilization 
alone. All the patients in this series made a good recovery 
with a mobilization regime, which concurs with 
Freeman’s findings. If a conservative regime is being 
adhered to then there is no place for investigating these 
patients by radionuclide scanning or locally invasive 
techniques. However, if an aggressive surgical policy is 
used then a radionuclide scan is an excellent method of 
assessment. Only those with a diffuse scan need be 
subjected to arthrography or tenography to confirm 
rupture of the hgament complex. 
Scanning is also useful in patients with persistent ankle 
pain following a sprain (Maurice et al, 1987). Activity 
will be present until healing is complete. The scan will 
indicate and localize the lesion, allowing appropriate 
treatment to be started. 








Conclusions 

A technetium-99m radionuclide scan will differentiate 
a severe ankle ligament injury from a minor one. The 
severe injury gives a diffuse increase in uptake 
throughout the lateral ligament complex extending 
variably throughout the capsule of the ankle, whereas a 
minor injury gives increased activity accurately localized 
to the injured ligament. A scan will classify ligament 
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injuries with equivocal physical signs and localize 
abnormality in those complaining of persistent pain. 
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Abstract. We present a case of a leiomyosarcoma originating in the wall of the descending aorta and give a review of 27 previously 
reported cases of aortic neoplasms. An extraluminal aortic leiomyosarcoma has not been reported before in the literature. 


Primary tumours of the aortic wall are extremely rare 
and, because of this and the fact that these tumours can 
mimic various other clinical conditions, they are seldom 
diagnosed pre-operatively or at anle-mortem examina- 
tion. We present a case of a leiomyosarcoma originating 
in the wall of the descending aorta and give a review of 
27 previously reported cases of aortic neoplasms. 


Case report 

A 74-year-old White woman presented with a 2-month 
history of back pain and a short period of severe, acute 
back and chest pain. On examination she appeared in 
good general condition and routine laboratory findings 
were normal. 

A chest radiograph showed a large, left-sided, 
retrocardiac and para-aortic mass which could not be 
distinguished from the aortic contour (Fig. 1). Previous 
medical history included a cholecystectomy, a bilateral 
lumbar sympathectomy and a deep venous thrombosis 
of the lower legs many years before. An electro- 
cardiogram (ECG), bronchoscopy, endoscopy of the 
oesophagus and barum swallow showed no 
abnormalities. Transfemoral arterial digital subtraction 
angiography (DSA) was performed and showed only 
moderate dilatation of the descending aorta at the level 
of the tumour. The aortic contour was smooth and there 
were no signs of a dissecting aneurysm (Fig. 2). 

A subsequent examination of the chest by computed 
tomography (CT) revealed more of the nature of the 
abnormal mass seen on the chest radiograph. An 
inhomogeneous, lobulated mass in close contact with the 
descending aorta was visualized and punctate 
calcifications were visible in the periphery of the mass, 
which was seen to be separate from the oesophagus. 

Except for slight discontinuity in the posterior margin, 
the lumen of the aorta was uninvolved (Fig. 3). 
Hounsfield Unit (HU) measurements on the pre-contrast 
scans varied from 80-120 HU. There was no significant 
enhancement of the mass itself on post-contrast images. 
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Although the radiological findings were indecisive, 
clinical signs and symptoms favoured the pre-operative 
diagnosis viz. partly thrombosed or ruptured aneurysm 
of the descending aorta. At operation, a firm mass was 
palpated originating from the distal part of the thoracic 
descending aorta which had no relation to the adjacent 
oesophagus or heart. 

The mass was interpreted macroscopically as an old, 
organized haematoma. The aortic lumen was opened but 
no site of perforation could be identified, ruling out the 
possibility of a dissecting aneurysm, A vascular 
prosthesis was placed and the aortic wall was closed over 
the prosthesis. Parts of the mass were resected for 
pathological examination. 

Microscopically, the tumour consisted of broad 
bundles of pleomorphic, elongated cells with oval, 





Figure 1. Lateral chest radiograph showing a large retrocardiac 
mass with loss of the aortic contour, 
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Table I. Clinical, pathological and radiological features of primary aortic tumours 











Reference Sex/age Symptons and Radiological 
(years) signs findings 
Browdowski M/52 Weight loss, — 
1873 abdominal pain, 
iae of 
hands and feet 
Miura, 1891 M/38 Pathological — 
fracture of right 
femur, thoracic 
and sacral pain 
Aufferman, M/38 Abdominal pain, — 
1912 weight loss 
Nencki, 1946 M/46 Abdominal pain 
suggesting 
appendicitis or 
cholecystitis 
Karhoff, 1952  M/55 Headache, zie 
abdominal pain, 
hypertension 
Kovaleva & M/65 Abdominal pain - 
Press, 1959 radiating into 
right leg, 
hypertension, 
osseous 
metastases 
Détrie, 1960; F/22 Hypertension, Angiography: 
Kattus et al, diminished occlusion of left 
1960 femoral pulses renal artery 
Zeitthofer etal, M/3 Dyspnoea, — 
1963 months tachycardia 
Kaigorodova & F/62 Headache, weight — 
Berezovskaya, loss, fever, 
1963 absent pulses in 
right arm 
Sladden, 1964 M/64 Lumbago and Angiography: 
sciatica, swelling filling defect in 
of right leg lower aorta 
Sladden, 1964 M/59 Bilateral leg pain, — 
absent pulses in 
right leg 
Smeloff et al, F/65 Hypertension, Angiography: 
1965 dizziness, upper blockage of arch 
body oedema at left subclavian 


Stevenson et al, 
1971 


Winkelmann 
et al, 1971 


M/60 Low back pain, 
abdominal pain, 
hypertension 

M/65 Pain in both legs, 
cutaneous 
metastases 


artery 


Angiography: 
filling defect 
with aorta-iliac 
obstruction 





Site Size 
(cm) 
Thoracic 11*8 
Thoracic, 7 cm 9 
below left 


subclavian artery 

to 6cm above 

coeliac axis 
Abdominal, 1.5cm 4.5 

above coeliac 


axis to iliac 

arteries 
Abdominal 3,5*3.5*2 
Thoracic and 3.5*2.5 


abdominal, 4 cm 
below isthmus to 
below renal 
arteries 
Abdominal, level 
of renal arteries 
to 2cm above 
bifurcation 


Thoracic and 30 
abdominal, cast- 
like tumour 

Thoracic and 
abdominal, 
extension into 
coeliac artery 


| Thoracic 13 


extension into 
right subclavian 
artery 


Abdominal, 
3-5 cm above 
bifurcation 


Abdominal at 
bifurcation, 
extension into 
both iliac 
arteries 


Thoracic and 
abdominal, 
extension into 
left subclavian 
and left renal 
artery 


Abdominal, level 4x2 
of renal arteries 


20 x | 


Abdominal, level 
of bifurcation 


6.5* 20.5 


2.5*2.5x0.5 I 


Type Histology 





Medullary 


sarcoma 


Spindle and 
giant cell 
sarcoma 


Spindle and 
giant cell 
sarcoma 


Fibrosarcoma 


Primitive 
mesenchymal 
cell tumour 


Fibrosarcoma 


Fibromyxoma 


Fibromyxo- 
sarcoma 


Fibrosarcoma 


Intimal sarcoma 


Intima! sarcoma 


Fibromyxo- 
sarcoma 


Fibromyxo- 
sarcoma 


Angiosarcoma 


i —— 
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Table —continued 
Reference 
(years) 

Silverman & F/62 
Wexler, 1972 

Salm, 1972 F/60 

Kimbrell & F/58 
Kaasa, 1973 

Stefelaar et al, M/70 
1975 

Crum et al, F/58 
1978 

Hernandez M/42 
etal, 1979 

Weinberg & M/48 
Maini, 1980 

Milili et al, 1981 M/64 

Fehrenbacher M/67 
etal, 1981 

Mason et al, M/70 
1982 

Schmid et al, M/75 
1984 

Hermanek etal, F/47 
1985 

Wright et al, F/46 


Vol. 62, No. 733 


Sex/age Symptons and 


signs 


Headache, dizzy 


spells, 
hypertension 


Backache, 
pathological 
fracture of right 
hip 

Headache, chest 
pain, 
hypertension 

Claudication, 
diminished 
pulses in both 
legs 


Pleuritic pain 


Back pain, 
testicular pain, 
pulsatile 
abdominal mass 


Hypertension, 
abdominal 
aneurysm 


Severe pain in 
lower 
extremities, 
diminished 
pulses in both 
legs 

Pain and absent 
distal pulses in 
right leg 


Abdominal pain, 
anorexia, weight 
loss 


Symptoms of 
bilateral femoral 
arterial 
occlusion 


Back pain, 
abdominal pain 


Symptoms of 





Radiological 
findings 


Angiography: 
filling defect 


Angiography: 
filling defect, 


obstruction 
above 
bifurcation 


Angiography: 


aneurysm 


Angiography: 


extensive 


atherosclerosis, 


aneurysm, 


occlusion of 
several arteries 


Angiography: 


complete 


occlusion 3 cm 
distal to renal 


arteries 


Angiography: 
filling defect, 
stenosis of right 


superficial 


femoral artery 


Angiography: 
filling defect. 
CT: intraluminal 


tumour 


Angiography: 
filling defect, 
descending aorta 
femoral arterial 


occlusion 


Angiography: 


aneurysm, 
pathologic 
vessels. CT: 


aneurysm, liver 


metastases. 


Ultrasound: 


same 





Site 





Thoracic, arch 
extension in 
right subclavian 
and left carotid 
artery 


Thoracic 


Abdominal and 
thoracic, arch to 
renal arteries 


Abdominal, level 
of bifurcation 


Thoracic, distal to 
left subclavian 
artery 


Abdominal 


Thoracic 


Abdominal 


Abdominal 


Abdominal, 
coeliac axis to 
below renal 
arteries 


Thoracic 


Abdominal 


Abdominal 





3.5x2x2 


18x2 


6x4x4 


12x7.5x5 


7.5x1.5x2 


4x5x3 


6x2 


5x4 


8x 4.5 


5x4 


Type Histology 





l Myxoma 


M Fibrosarcoma 


l Myxoma 


l Undifferentiated 
malignant 
tumour 


M Fibroxantho- 


sarcoma 
M Leiomyo- 
sarcoma 
M Malignant 
fibrous 
hystiocytoma 
M Leiomyo- 
sarcoma 
I Angiosarcoma 
l Angiosarcoma 


l Endothelioma 


l Histiocytoma 


l Intima! sarcoma 


1985 bowel infarction 
I=intimal; M = mural. 
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Fieure 2. Intra-arterial digital subtraction arteriogram showing 
g ; £ Í 


mild fusiform dilatation of the distal part ol the thoracic aorta 


nuclei and a moderate amount ol 
eosinophilic cytoplasm. The cells were enmeshed in a 
framework of reticulin fibres with frequent 
figures (Fig. 4). Parts of the tumour were 
necrotic. Immunoperoxidase staining with anti-desmine 
was positive in the cytoplasm of many cells. On electron 
small bundles of myofilaments were seen 
regularly within the tumour cells and many tumour cells 
also showed intracytoplasmic glycogen. The patho- 
logical diagnosis was leiomyosarcoma of the aortic wall 

Post-operatively, there were no complications: the 
patient was discharged in good condition and will receive 
palliative radiotherapy 


sometimes blunt 
delic Ale 


mitotic 


Tih ri scopy 


Discussion 

\ primary tumour of the aortic wall is a very rare 
lesion, the first case of an aortic tumour being described 
by Browdowski in 1873. A review of the world literature 


disclosed 27 previously reported cases of primary aortic 
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Figure 3. A CT scan of a large, left-sided para-aortic mass. Note 
punctate calcifications in the periphery of the tumour and 
minimal pleural effusion on the left side. The angiography 
catheter is visible within the aortic lumen 


tumour (Table 1). One report describes two cases (Salm, 
1972) and one case is described in two different reports 
(Détrie. 1960; Kattus et al, 1960). Clinical, pathological 
and radiological features of these 27 cases are listed in 
Table I. The sites of origin of the tumours are distributed 
over the various aortic segments in the following way 
Seven arose from the thoracic aorta, 12 from the 
abdominal aorta and the remaining eight involved both 
the thoracic and abdominal aorta. There were 18 male 
and nine female patients. The mean age of these patients 
was 54 years 

Although several authors (Kevorkian & Cento, 1973: 





Figure 4. Microscopic section of leiomyosarcoma of the aortic 


wall 23h) 


= 


Haematoxylin azophloxin staining ( > 
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Mason et al, 1982) have pointed out that the 
histopathological classification is handicapped by the 
varied interpretation, there is a predominance of 
fibrosarcomatous tumours (Table I). There are two 
reports of a malignant aortic tumour associated with 
vascular graft material (Weinberg & Maini, 1980; 
Fehrenbacher et al, 1981). Vascular leiomyosarcoma 
(apart from the aorta, as presented in this case) mostly 
occur in the inferior vena cava or other large veins. These 
locations are about five times more frequent than in 
arteries in which the pulmonary artery is affected twice as 
often as systemic arteries (Kevorkian & Cento, 1973). 
Wright et al (1985) suggest a classification of aortic 
tumours into two categories based on their site of origin 
within the aortic wall. 


(1) Tumours primarily involving the intima. 

These tend to grow in the direction of the aortic lumen 
forming polypoid masses or extend along the intima. 
Clinical signs and symptoms are referrable to luminal 
obstruction: diminished pulses distal to the tumour or 
severe hypertension when the renal arteries are involved. 
These tumours frequently give rise to thrombo-embolic 
metastases and because they can resemble atherosclerosis 
they may sometimes be overlooked at operation. 


(2) Tumours arising in the media or adventitia. 

These form aggressive mass lesions with an intramural or 
extraluminal extension. They are less common (eight out 
of 27 cases) and seldom give rise to metastases, 
probably because the intima is usually not involved. 
Clinical signs and symptoms are non-specific: back- 
pain, fever or symptoms of dissecting aneurysm. The 
tumour presented here fits into this category. An origin 
in the wall of the vasa vasorum cannot be excluded but 
seems unlikely. The episode of sudden chest pain may 
be explained by intratumoral bleeding. 


Because these diverse clinical manifestations mostly 
preclude an adequate pre-operative diagnosis, aortic 
tumours are almost always identified during operation or 
at autopsy. Information of radiological findings in aortic 
tumours is scarce. Thirteen reports give information of 
angiographic findings; all but three refer to intima-based 
lesions. In their book on aortic diseases, Crawford and 
Crawford (1984) reported three additional cases of aortic 
tumour, two with information of angiographic findings. 
The characteristic angiographic appearance is a polypoid 
intraluminal filling defect reflecting the morphology of 
the tumour while the remaining aorta is smooth and of 
normal calibre. 

There are only two previously published CT scans of 
aortic tumours (Mason et al, 1982; Hermanek et al, 
1985). Computed tomography cannot differentiate 
intraluminal tumour from a thromboid mass but can 
exclude extra-aortic disease. The inability of 
angiography to detect the tumour in the current case lay 
in the fact that this tumour originated in the media with 
the inthma unaffected. It is not clear whether the slight 
aortic dilatation at the level of the tumour in this case is 
coincidental or represents weakening of the wall. 
Computed tomography revealed the relationship of the 
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lesion with the aorta and the degree of extra-aortic 
extension. The HU measurement was probably due to 
intralesional haemorrhage as was suggested clinically, 

The therapeutic management of aortic tumours ts 
unclear. Surgical methods (primary resection with 
reconstruction) and non-surgical methods (radiotherapy, 
chemotherapy) have poor results: the average survival of 
patients with vascular sarcomas is 1.5 years (Kevorkian 
& Cento, 1973). Although these tumours are very rare, 
they should be added to the differential diagnosis in cases 
of an intraluminal filling defect on aortography and in an 
otherwise unexplained para-aortic mass, 
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Abstract. Changes in the cell kinetics of the follicular epithelium of the pig have been studied after irradiation with single and 
fractionated doses (30 fractions/39 days) of X rays and the results compared with previously published data for the epidermis. In the 
follicular epithelium there was an initial degenerative phase, during which the rate of cell depletion was independent of the radiation 
dose and the mode of administration. Evidence for repopulation was seen between the 14th and [8th days after single doses (14 or 
20 Gy) and by the 28th day after the start of irradiation with fractionated doses (52.3-80.0 Gy). However, the degree of cell depletion 
and the subsequent rate of repopulation were independent of dose. The regenerative phase was characterized by an increased cell 
proliferation as indicated by an elevation of the labelling index. Islands of cells (colonies), with an appearance similar to cells in the 
normal follicular epithelium, were seen 18 days after a single dose of 20 Gy and 42 days after the start of fractionated irradiation. 
When compared with the epidermis, the follicular epithelium exhibited considerably less evidence of damage after both single and 
fractionated doses of X rays. There was a lower incidence of degenerate cells and reduced levels of cell depletion in the follicular 
epithelium, suggesting that cells from this region play an important role in the repopulation of the epidermis after high-dose 


irradiation. 


In recent years the pig has been used with increasing 
frequency in biomedical research. Particular attention 
has been given to studies involving the skin because of its 
morphological and histological similarity to human skin 
(Winter, 1972; Donovan, 1975). There have been many 
reports on the effects of radiation on mammalian skin. 
However, the majority of such reports have dealt with 
the gross visual changes in the appearance of the skin 
after irradiation. Many of the more recent experimental 
investigations, involving the study of gross skin 
reactions, have been carried out on rodents and have 
compared the effects of single and fractionated doses of 
radiation (Field et al, 1975; Douglas & Fowler, 1976; van 
Rongen & Kal, 1984). Similar studies have also been 
undertaken on pig skin (Hopewell et al, 1978: van den 
Aardweg et al, 1988) and on human skin (Dutreix et al. 
1973; Turesson & Notter, 1984). 

Direct observations of radiation-induced changes in 
the epidermis have been less extensively studied and 
there have been comparatively few cell kinetic 
investigations. Again most of this work has been 
undertaken on rodent skin (Hegazy & Fowler, 1973: 
Denekamp et al, 1976; Etoh et al, 1977; Hansen et al. 
1984) with only three detailed reports on pig skin 
(Archambeau et al, 1979: Morris & Hopewell, 1986, 
1988). 

The follicular epithelium constitutes a significant 
proportion of the total epithelial area of the skin in many 
mammalian species. For pig skin, Osanov et al (1976) 
calculated that more than half of the skin's epithelial 
basal cells were situated in hair follicles. Follicular 
epithelium has been demonstrated to play an important 
role in the regeneration of the epidermis after the 
mechanical wounding of pig skin (Winter, 1972) and 
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after high doses of X rays in the mouse (Al-Barwari & 
Potten, 1976). 

To our knowledge, the present report is the first to 
document the effects of single and fractionated doses of 
X rays on the cell proliferation kinetics of the follicular 
epithelium of the pig. Fractionated irradiation was given 
in the form of a conventional radiotherapy schedule 
(30 fractions in 39 days). 


Materials and methods 

Twenty female Large White pigs, 3-4 months of age 
(25 kg), were used in this study. All procedures were 
carried out with the animals under anaesthesia using a 
mixture of nitrous oxide, halothane and oxygen (Berry et 
al, 1974). 

Three to four days prior to irradiation, eight 
4cm x 4cm fields, spaced 4 cm apart, were tattooed with 
India ink on the left flank of each animal. In a group of 
12 pigs the fields were irradiated with single doses of 15 
or 20Gy of 250kV Xrays (HVL 1.4mmCu: FSD 
50cm) at a dose rate of 0.69 Gy/min. Small crescent 
shaped skin biopsies (1-1.5 cm long, up to 0.5 cm wide) 
were taken at intervals of 1,4, 7, 11, 14, 18, 22, 25, 35, 42, 
49 and 56 days after irradiation. In a further group of 
eight pigs, skin fields were irradiated daily, five times per 
week, over a 6-week period (i.e. 30 fractions/39 days). 
Total doses of 52.3, 61.5, 70.7 and 80.0 Gy were used. 
Skin biopsies were taken at 14, 28 and 42 days after the 
start of irradiation (i.e. after 10, 20 or 30 fractions) and at 
l4 days after the final fraction. 

The labelling of cells synthesizing DNA was carried 
out prior to biopsy using procedures described in detail 
previously (Morris & Hopewell, 1985). Briefly, local in 
vivo labelling was achieved by the intradermal injection 
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of 6.1 mi of tritium CH) labelled thymidine (TdR). The 
radiolabel was diluted in normal salme containing 
disulphine blue (0.1 ml per 5ml saline) to mark the 
position of each injection site. Flash labelling was with a 
single injection of l0uCi of *H-TdR (specific activity 
45 Ci/mmol); biopsies were taken 60 min after injection. 

Biopsies were fixed in Bouin's fluid, dehydrated 
through graded alcohols, cleared and embedded in 
paraplast. Histological sections, 5 zm thick, were cut 
perpendicular to the skin surface such that the hair 
follicles were viewed in transverse section. Observations 
on the follicular epithelium were restricted to the external 
root sheath. The hair matrix and surrounding epithelium 
were not examined. 

Autoradiographs were prepared using standard 
techniques (Morris & Hopewell, 1985), after which they 
were examined to determine the labelling index (LI) in 
the basal layer (L,) and first suprabasal layer (L,) of the 
follicular epithelium. A minimum of 100 labelled cells 
were scored in cell layer L, and 50 cells in cell layer L, 
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Figure 1. Time-related changes in the cell density in the basal cell 
layer GL) and first suprabasal cell layer (l) of the follicular 
epithelium of pigs after single doses of X rays. W, 15 Gy; @. 
WGs ©, Gy {cell colonies). Shaded area indicates 
unirradiated control values +SEE. Error bars indicate +5E. 
Changes in the epidermis after single doses of 15 Gy (-"-"~) 
and 20Gy (~~~) are given for comparison (from Morris & 
Hopewell, 1988). 
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per biopsy. The cell density in these two cell layers was 
determined by counting cells along a minimum of 5 mm 
of basement membrane. Results were expressed as the 
count per millimetre length of basement membrane. The 
degenerate cells, Le. those cells exhibiting pycnosis and 
shrinkage necrosis, were excluded from these 
calculations. The results obtained for the follicular 
epithelium were compared with those for the epidermis, 
published previously (Morris & Hopewell, 1986, 1988). 


Results 
Single dose studies 

Cell density. There was a progressive decline in the cell 
density (CD) in the basal layer (L,) and first suprabasal 
layer (L4) of the follicular epithelium in the first 14 days 
after irradiation. Thereafter values remained constant 
until Day 25 (Fig. 1). The rate of cell loss from both cell 
layers appeared to be linearly related to the time after 
irradiation (Fig.2). The maximum reduction in cell 
number was not related to the dose, being similar in both 
dose groups from 14 to 25 days after irradiation (Fig. 1). 
The presence of colonies of cells coincided with the 
period of maximal cell depletion (Fig. 1). Cells in the 
colonies had an appearance similar to those in 
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Figure 2. Time-related changes in the relative cell density over 
the period of cell loss (degenerative phase) in cell layers L, and 
L, of the follicular epithelium of pigs after single doses of 
X rays. (For key to symbols see Fig. L) 
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unirradiated follicular epithelium. Colonies were only 
seen after the higher of the two single doses (20 Gy) and 
the CD in the colonies was similar to that in unirradiated 
skin. The follicular epithelium had apparently recovered 
by 56 days after irradiation. 

Degenerate cells. Degenerate cells, ie. those cells 
exhibiting pycnosis or necrosis, were present in the 
follicular epithelium both before and after irradiation. 
Although mean values for the percentage of degenerate 
cells were highest over the period of maximum epithelial 
damage, the variability was great and as a consequence 
these values were not significantly different (p> 0.05) 
from those in the unirradiated follicular epithelium. 

Number of viable cell layers. The number of cell layers 
in the viable follicular epithelium, excluding the stratum 
corneum, was 6.0 + 0.5 in unirradiated skin. After 15 Gy, 
the mean counts of the number of cell layers were not 
Statistically different (p>0.05) from those in the 
unirradiated follicular epithelium until 25 days after 
irradiation (Fig. 3). After 20 Gy there was a clearly 
defined decline in the number of cell layers from 14 days 
after irradiation with a nadir at 22 days. At 35 days after 
irradiation slight hyperplasia of the follicular epithelium 
was seen. In the cell colonies, seen after a dose of 20 Gy, 
there were usually only I or 2 cell layers present at 22 
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Figure 3. Time-related changes in the number of cell layers in the 
follicular epithelium of pigs after single doses of X rays. (For 
key to symbols see Fig. 1.) 
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days. However, by Day 25 the number of cell layers in 
the colonies had increased to 3.6 +0.5. 

Labelling index. There was an initial reduction in the 
LI after irradiation. The reduction was maximal between 
4 and 7 days after irradiation when very few, if any, cells 
were labelled (Fig. 4). There was a sharp increase in the 
LI in the basal layer (L,) after 11 days in the 20 Gy dose 
group. A peak value was reached at 14 days. whereafter 
values fell, approaching values in unirradiated controls, 
by 35 days (Fig. 4). In the 15 Gy dose group, the increase 
in the LI in L, was less dramatic by 14 days after 
irradiation and a peak LI value (13.2+0.3%) was not 
reached until Day 22. This was considerably lower than 
the peak in the LI (20.0 + 0.6%) in the higher dose group. 
Thereafter LI values declined progressively, reaching 
values similar to those of unirradiated controls at 42-49 
days after irradiation (Fig. 4). In the first suprabasal cell 
layer (L,) the initial depression in the LI was followed by 
recovery to values similar to unirradiated follicular 
epithelium by 14 days. There was no significant 
overshoot in the LI after this time (Fig. 4). The LI values 
in the cell colonies were very high with up to 36% of 
basal cells labelled (Fig. 4). 
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Figure 4. Time-related changes in the labelling index in cell 
layers L, and L, of the follicular epithelium of pigs after single 


doses of X rays. (For key to symbols see Fig. 1.) 
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Figure 5. Changes in the cell density in cell layers L, and L, of 
the follicular epithelium of pigs with time from the start of 
fractionated irradiation. á. 52.3Gy; @, 61.5 Gy; W, 70.7 Gy; 
@. 80.0. Gy; open symbols indicate corresponding values for 
cell colonies. Shaded areas indicate unirradiated control values. 
Error bars indicate +SE. Changes in the epidermis after 52.3 
and 61.5 Gy {~= ~) and 70.7 and 80.0 Gy (- ~~) are given for 
comparison (from Morris & Hopewell, 1986). > indicates end 
of irradiation. 


Fractionated dose studies 

Cell density. The CD of the follicular epithehum 
declined over the course of the fractionated irradiation 
schedule (Fig. 5). After 28 days (20 fractions) there was a 
80% reduction in cellularity. However, between 28 and 
4? days (30 fractions) there was no further appreciable 
cell toss, even after the highest of the fractionated doses 
(80.0 Gy). Almost complete recovery of the follicular 
epithelium had occurred by 14 days after the final 
fraction, when values for the CD approached those of 
the unirradiated follicular epithelium (Fig. 5). Cell 
colonies were seen by the end of irradiation in all but the 
lowest dose group (52.3 Gy). The basal cell density in the 
colonies was not significantly different from that in the 
unirradiated follicular epithelium (p > 0.05). 

Degenerate cells. Degenerate cells were present in the 
follicular epithelium before, during and after 
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Figure 6. Variation in the number of viable cell layers in the 
follicular epithelium of pigs with time from the start of 
fractionated irradiation. (For key to symbols see Fig. 5.) 


fractionated irradiation. The incidence of degenerate 
cells was very low and at no time exceeded 1.4%. 

Number of viable ceil layers. After 10 fractions the 
number of cell layers in the follicular epithelium was 
similar to that in unirradiated follicular epithelium. 
However, after 20 fractions (28 days) the number of cell 
layers had decreased in all but the lowest dose group 
(Fig. 6), and at the end of irradiation the number of cell 
layers was reduced further to approximately 4.2 layers in 
the two lowest dose groups and to approximately 3.7 
layers in the highest two dose groups. The follicular 
epithelium had fully recovered by 14 days after the final 
fraction in the 52.3 Gy dose group, with evidence for 
hyperplasia after higher doses (Fig. 6). With the 
exception of the 52.3Gy group, cell colonies were 
observed in all other dose groups. The number of cell 
layers in these colonies was similar at each dose level 
(1.5-1.8). 

Labelling index. With the exception of the 52.3 Gy 
dose group, LI values in the basal cell layer (L,) were 
approximately half those in the unirradiated follicular 
epithelium after 10 fractions (14 days). After 28 days (20 
fractions) the mean values for the LI in the lowest dose 
group were still similar to those of the unirradiated 
follicular epithelium, although after higher doses the 
mean LI values had increased above those of the 
unirradiated follicular epithelium. However, due to the 
large associated errors the differences were not 
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Figure 7. Changes in the labelling index (%) in cell layers L, and 
L, of the follicular epithelium of pigs with time from the start of 
fractionated irradiation. (For key to symbols see Fig. 5.) 


statistically significant (p>0.1). There was no further 
change in the LI by the end of irradiation (Fig. 7). At 14 
days after the final fraction the mean LI values were 
similar to those found immediately after 30 fractions: 
however, there was considerably less variability and 
these values were significantly higher (p<0.02) than 
those in the unirradiation follicular epithelium (Fig. 7). 
The trend in the changes in the LI values in cell layer L, 
was similar to that in layer L,. However, at 14 days after 
the end of irradiation, although mean values were higher 
than in the unirradiated epithelium, they were not 
significantly different (p> 0.1). The LI values in the cell 
colonies were very high, with up to 50% of cells labelled 
in cell layer L,. 


Discussion 

The histological sections of pig skin used in the present 
investigation have previously been used to assess the 
effects of single and fractionated doses of X rays on the 
epidermis (Morris & Hopewell, 1986, 1988). An 
indication of the general trend of these results has been 
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included in the figures to enable a direct comparison to 
be made of the cell kinetic responses of the follicular 
epithelium and the epidermis to X rays. 

In the initial degenerative phase after irradiation with 
single doses, or during irradiation with fractionated 
doses, the rate of cell loss from the follicular epithelium 
was independent of the X-ray dose. The rate of cell loss 
was similar after both single and fractionated doses, ie. 
approximately 3% per day. A similar value was obtained 
for the epidermis (Morris, 1987). Assuming a turnover 
time for the whole epidermis (including the stratum 
corneum) of 30 days in the pig (Weinstein, 1965), the 
normal rate of cell loss in the absence of cell division 
would be approximately 3.3% per day. This is close to 
the value calculated after irradiation. A slightly higher 
estimate of 4% per day was obtained for the epidermis of 
the Yorkshire pig after single doses of X rays 
(Archambeau et al, 1979). In the epidermis of rodents, 
the rate of cell loss after irradiation was also found to be 
similar to that for the normal rate of cell migration; 
desquamation. For example, the rate of cell loss from the 
basal layer of guinea pig flank skin was 5.6% per day 
(Etoh et al, 1977) and in mouse dorsal skin it was 8.3% 
per day (Potten et al, 1983). Both sets of calculations 
were made after single doses of radiation. 

Despite the similarity in the rates of cell loss from the 
follicular epithelium and epidermis of the pig there was a 
distinct difference both in the severity of the radiation 
damage and the rate at which recovery occurred. In 
marked contrast to the epidermis the follicular 
epithelium showed no clear dependence on dose in the 
degree of cell depletion after either single or fractionated 
doses of Xrays. The follicular epithelium remained 
intact after fractionated doses of 70.7 and 80.0 Gy 
whereas the epidermis was completely denuded after 
these doses. This suggests that the follicular epithelium is 
more radioresistant than the epidermis. A similar 
conclusion was reached by Hendry et al (1980). They 
reported a D, value of 6.0 Gy for hair follicles in the 
dorsal skin of mice, compared with a value of 1.3 Gy for 
the epidermis of the dorsum for the same species (Emery 
et al, 1970). Hypoxia was suggested as being a factor 
contributing to the greater radioresistance of the hair 
follicles (Hendry et al, 1980). The presence of a number 
of species of anaerobic micro-organisms at the base of 
the hair follicle of the pig also points to the occurrence of 
hypoxia in this region (Sieber & Wells, 1986). 

The initial stages of recovery of the follicular 
epithelium were marked by the continued proliferation 
of cells, many of which exhibited varying degrees of 
radiation damage. However, cells showing pycnosis and 
shrinkage necrosis did not appear to undergo mitosis and 
were termed degenerate cells. Although the number of 
degenerate cells did increase with time after single doses 
of X rays and over the course of fractionated irradiation. 
in pig epidermis no clear dependence on dose was seen, 
In the follicular epithelium this trend was not observed 
and the proportion of degenerate cells remained very 
low, both after single and during fractionated doses of 
X rays. This provides further evidence in support of the 
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view that the follicular epithelium is more radioresistant 
than the epidermis. There have been few studies on the 
incidence of degenerate cells after irradiation and these 
have been confined to murine epidermis (Hegazy & 
Fowler, 1973: Al-Barwari as quoted by Potten et al, 
1983: Morris & Hopewell, 1986, 1988). The results of 
these studies indicated that the incidence of degenerate 
cells was not dependent on dose, for doses in the range 5- 
35 Gy, As in the present study, the number of degenerate 
cells in irradiated murine epidermis never exceeded 10%. 

Although the mitotic index was not assessed in the 
present or in previous studies on pig epidermis (Morris & 
Hopewell, 1986, 1988), an absence of labelled cells for 
the first 4 to 7 days after single doses of radiation 
suggests a period of mitotic delay of at least 3 days. A 
likely consequence of this is that a proportion of the 
initial increase in the LI in the pig follicular epithelium 
and in the epidermis was due to cell synchrony induced 
by this mitotic block. The difference in the timing of the 
peaks in the LI after single doses of 15 and 20 Gy was 
probably due, in part, to a longer mitotic delay after the 
higher of the two doses. It has been demonstrated that 
the duratioin of mitotic delay is proportional to the 
radiation dose and the cell cycle time (Denekamp, 1982). 
After fractionated doses it was not possible to establish 
with the same degree of clarity whether there was a 
pronounced mitotic delay at the start of the irradiations 
since the first samples were not taken until Day 14 (10 
fractions). However, LI values for the irradiated 
follicular epithelium were below those of unirradiated 
skin at this time, suggesting that there was indeed an 
mitial period of mitotic delay. 

Evidence for the initiation of repopulation in the 
follicular epithelium, as indicated by an elevated 
labelling index and the appearance of cell colonies, was 
found at 14-18 days after single doses of X rays. An 
identical timing for the onset of repopulation was also 
found in the epidermis (Morris & Hopewell, 1988). 
Using split-dose experiments in the same strain of pig, 
van den Aardweg et al (1988) reported a similar time for 
the onset of repopulation, while in the Yorkshire pig 
epidermal repopulation started between 14 and 17 days 
after comparable single doses of X rays (Archambeau et 
al, 1979). 

Repopulation is initiated at an earlier time after single 
doses of radiation in the mouse epidermis. This was 
estimated to be about 7 days in unplucked skin and after 
2 days in plucked skin (Emery et al, 1970; Fowler & 
Denekamp, 1976). 

Repopulation of the pig follicular epithelium was 
delaved until 28 days during fractionated irradiation. 
This is a timing identical to that reported for pig 
epidermis (Morris & Hopewell, 1986) and for human 
epidermis (Turesson & Notter, 1984) during an identical 
dose fractionation schedule. 

Evidence for cell colony formation was seen at 14 days 
after single doses and at 28 days after the start of 


normal-looking cells were observed in the basal layer. By 
28 davs after single doses of radiation and after the last 
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dose in the fractionated irradiation scheme the colonies 
were well developed. Colonies were seen less frequently 
in the follicular epithelium than in the epidermis (Morris 
& Hopewell, 1986, 1988). They were also detected after a 
lower dose in the epidermis, again suggesting a greater 
radiosensitivity for this region. 

In areas of the epidermis of pigs that had degenerated 
by the end of the course of fractionated irradiation, there 
was evidence for the migration of viable cells from 
follicular colonies onto the basement membrane of the 
epidermis (Morris, 1987). A number of cell kinetic 
studies have been carried out on regenerative cell 
colonies in mouse skin (Potten & Al-Barwari, 1985). It 
was concluded from these studies that there was a steady 
flow of cells from the deeper regions of the follicular 
epithelium into the epidermis; from as early as the 3rd 
day after 12 Gy approximately half of the cell colonies 
surrounded or were immediately adjacent to the necks of 
hair follicles. These observations clearly implicated the 
follicular epithelium as a major source of cells in the 
repopulation of the epidermis after irradiation (Al- 
Barwart & Potten, 1976). 

In the pig. regeneration of the follicular epithelium 
occurred after the maximum level of cell depletion had 
been reached at 14-25 days after single doses. Although 
cell colonies with very high labelling indices were obvious 
“foci of regeneration”, many radiation-damaged cells 
also continued to proliferate. This was suggested by the 
fact that many of these cells were labelled and also by the 
presence of multinucleate cells and of bizarre mitotic 
figures. Other workers have made similar observations 
(Potten, 1978; Archambeau et al, 1979). It remains 
uncertain what proportion of these proliferating. 
radiation-damaged cells retain long-term viability. If it is 
assumed that the hierarchical concept of cell proliferative 
organization applies to stratified epithelia (Michalowski, 
1981) then the majority of these damaged proliferative 
cells would be transit cells, destined to be removed from 
the follicular epithelium by the processes of cell 
differentiation and desquamation 

in conclusion, the major difference between the 
response of the follicular epithelium to single and 
fractionated doses of radiation was the timing of 
repopulation. This occurred earlier after single doses. 

The rates at which cells were lost from the follicular 
epithelium and the epidermis were similar. In both cases 
the cell Joss rate was not influenced by the dose or mode 
of irradiation. This finding is inconsistent with the 
occurrence of a homogeneous proliferative compartment 
containing cells of similar radiosensitivity, in either of 
these two regions of the skin. 

There was considerably less evidence of radiation 
damage to the follicular epithelium than to the 
epidermis. In contrast to the epidermis there was no clear 
dose dependence in the degree of cell depletion of the 
follicular epithelium after single doses or during 
fractionated irradiation. The number of degenerate cells 
was low and the follicular epithelium remained intact 
even after high fractionated doses. These findings, when 
taken together with the observed migration of follicular 
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cell colonies onto the denuded epidermal/dermal 
interface (Al-Barwari & Potten, 1976; Morris, 1987), 
indicate that the follicular epithelium plays an important 
role in the repopulation of the epidermis after high doses 
of radiation. 
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Abstract. Three hundred and seventy measurements of field placement errors (FPEs) have been made by a total of 16 observers on 
20 prescription-treatment film pairs taken during routine radiotherapy for cancer of the prostate. Analysis of the distributions of 
the measured FPEs has yielded the precision of the measurement under a variety of conditions. We report here the influence on 
the precision of determining FPEs of the following factors: the clinical duties of the observers, the quality of the treatment film, 


the relative magnification of prescription and treatment films, and whether double-exposure techniques were employed. 


lt is one of the tenets of radiotherapy that accurate field 
placement is essential if maximum tumour response Is to 
be achieved with minimum morbidity. In one of the 
earliest studies of field placement errors (FPE), Marks et 
al (1974) reported an error rate of 36% in extended 
mantle fields. They were unable to demonstrate a con- 
vineing relationship between FPE and local recurrence, 
although this was later confirmed during a Patterns of 
Care Study (Kinzie et al, 1983). The data produced in 
this latter survey showed an increase in infield or margi- 
nal recurrence from 7°% for adequate portals to 33% for 
portals judged to be inadequate. Both of these studies 
employed a subjective clinical assessment of portal ad- 
equacy, Quantitative comparison with the prescribed 
fields. which could themselves have been inadequate, was 
nat performed. 

Byhardt et al (1978) reported a comprehensive and 
quantitative comparison between the prescribed field as 
indicated on a simulator film and treatment field deduced 
from the portal films taken during either the whole or the 
initial portion of a treatment. Field placement errors in 
excess of Simm occurred at a rate of 15% overall, with a 
maximum rate of 27% observed in the pelvic region. 

Mare recently. Rabinowitz et al (1985) have studied 
both the accuracy with which the prescribed field can be 
reproduced on the treatment machine and the day-to- 
day variation in portal position with respect to patient 
anatomy. Day-to-day reproducibility was surprisingly 
good with a measured standard deviation of 3 mm. 

Whilst data on the accuracy of current clinical practice 
are being amassed, the consequences of FPEs as a 
function of the magnitude of the error remain unclear. 
An interesting theoretical analysis has been offered by 
Goitein and Busse (1975) for two representative sites. 
These authors have calculated the changes in tumour 
control probabilities consequent upon field malposition 
and demonstrated dependence particularly on the slope 


of the dose-response curves. Clinical confirmation of 


such predictions is, of course, some way off. 
The literature cited above reflects the sporadic interest 
shown in field placement until fairly recently. However, 
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the last few years have seen both an increased awareness 
of the significance of accurate field placement and, 
particularly with the widespread availability of digital 
techniques in the clinic, a more strenuous effort to 
develop and implement portal verification programmes 
on a routine basis, 

The overall objective of a portal verification pro- 
gramme may be summarized by the question “Is the 
treated portal identical to the prescribed portal?” If the 
answer when a portal film is taken is “yes”, the pro- 
cedure will be repeated after some predetermined inter- 
val without changes in machine or patient set-up. A 
negative answer at any time during a course of treatment 
will provoke set-up changes and further confirmation 
will be sought that the agreement between prescribed and 
treated fields is acceptable. It is implicit in the question 
posed that some level of acceptability has been estab- 
lished for the treatment under consideration, and further 
that this level of acceptability, expressed in terms of the 
magnitude of the allowable FPE, exceeds the error tn its 
determination. 

Whether therapy field placement is to be assessed by 
conventional film techniques or by the newer real-time 
approaches (Lam et al, 1987), itis pertinent to investigate 
the precision with which FPEs can be quantified and the 
factors influencing this precision. With such information 
it is possible both to optimize the procedures in a portal 
verification programme and to establish the upper limit 
of precision that is clinically achievable. 

In this paper we describe a study of the precision with 
which treatment (portal) and prescription (simulation) 
films may be quantitatively compared under conditions 
obtaining in a busy clinic. The site chosen for the study 
was the pelvis, which has been shown to have a high 
frequency of FPEs (Byhardt et al, 1978). In addition, 
such treatments form a large proportion of our clinical 
load and there is a high degree of uniformity in treatment 
technique. Both of these factors simplified the logistics of 
this study. We have been particularly interested in the 
influence on the precision of determining FPEs of the 
following factors: the clinical duties of the observers, the 
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quality of the treatment film, the relative magnification 
of prescription and treatment films, and whether double- 
exposure techniques were employed. 


Materials and methods 

The images used in this study were obtained as part of 
the routine treatment of 20 males receiving radiotherapy 
for cancer of the prostate. These patients ranged in 
anterior-posterior (A-P) separation from 17 to 25cm 
and each was treated with four square fields of side 12 cm 
(box technique). Although the clinical success of such a 
treatment clearly depends on the accurate positioning of 
all four fields, the purposes of this study were adequately 
served by including only the A~P fields. Simulation of 
the patient was performed on an AECL Therasim 750 
simulator, with subsequent isocentric treatment on a 
CGR Sagittaire 25 MV linear accelerator. Both machines 
are subject to regular quality assurance according to 
commonly accepted procedures (American Association 
of Physicists in Medicine (AAPM), 1983). 

The film used on the simulator and therapy machine 
was Kodak T-mat G. For the simulator, the film was 
exposed within a Kodak X-omatic cassette with lanex 
regular screens. On the treatment machine. a Dupont 
Cronex Radiation Therapy cassette with lead screens 
was employed. This latter film—screen combination 
resulted in an optical density of ~1 following the 
delivery of ScGy to the patient and hence the film 
would be known variously as a beam film (Byhardt 
et al, 1978) or a localization film. Prescription films 
were taken within a few days before the start of 
treatment. Treatment films were taken at some arbitary 
time during the first 2 weeks of treatment. 

As the primary objective of this study was to establish, 
under routine clinical conditions, the precision with 
which prescription and treatment films can be compared, 
it Was necessary to repeat measurements many times on 
one pair of films. Marking directly on the films was 
therefore not allowed, and instead the following pro- 
cedure was adopted. A transparent plastic sheet was 
taped to the treatment film. With the aid of a standard 
light box, and in the absence of special viewing condi- 
tions, observers were asked to indicate, using fine-lipped 
markers, identifiable anatomical landmarks, together 
with the centre and four field edges, on the plastic sheet. 
For comparison with a prescription film of similar mag- 
nification, the observer then superimposed both the 
plastic sheet and the treatment film information over the 
prescription film and aligned the selected anatomical 
landmarks. The locations of the centres of the simulator 
delineator wires were traced on the plastic sheet to 
indicate the positions of the prescribed field edges. 

In those studies in which the magnifications of the 
films being compared were different, both prescription 
and treatment film data were transferred to the plastic 
sheets, but in these cases superimposition was not poss- 
ible, The greater element of subjectivity could be 
expected to be reflected in an inferior precision for this 
part of the study. 

Each comparison yielded a plastic sheet with selected 
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anatomical landmarks together with prescribed and 
treated field boundaries as identified by each observer. A 
total of 185 such comparisons was accumulated during 
this study. 

No limit was imposed on the time allowed for each 
comparison. However, as time of observation has been 
shown to be an important factor in the interpretation of 
low-contrast portal films (Reinstein et al, 1987), this was 
recorded. 

In the first part of the study the precision with which 
different groups, intimately connected with clinical radio- 
therapy, could compare prescribed and treated fields was 
investigated. A series of five simulator—portal film pairs 
was compared by a group of four radiotherapists, a 
group of five treatment planning and simulator technolo- 
gists and a group of seven treatment unit technologists. 
Following this initial study, and for reasons of organiza- 
tional simplicity, observers for the remaining investiga- 
tions comprised the seven treatment unit technologists 
only. 

In the studies involving the influence of film quality, a 
diagnostic quality “treatment” film was produced on the 
simulator. In this centre, patients receiving radiotherapy 
for cancer of the prostate routinely return to the 
simulator about half-way through their treatment 
course to have their marks checked. For the nine 


borders defined by the X-ray collimators as opposed to 
the delineator wires. This high-quality film could then 
be compared with the original simulator or prescription 
film. 

Studies of the influence of magnification were per- 
formed by selecting the position of the treatment film 
cassette to yield magnifications of about 1.43 or 1.25. 
Prescription films were always obtained with a magnifi- 
cation of 1.464 0.03. 

Double-exposure techniques involved opening the col- 
limators of the treatment machine or simulator to a field 
size of Sem x 18cm (width) for approximately 60% of 
the exposure, which had been found subjectively to yield 
the best image. (With this field size the femoral heads 
were visible and provided additional anatomical infor- 
mation.) The collimators were then closed down to the 
prescribed treatment field for the remaining 40% of the 
exposure. 

Three independent steps can be identified in the 
measurement of an FPE from the film pairs collected. 
Step | is the delineation. on the pairs of images. of the 
prescribed and treated field boundaries; Step 2 is the 
comparison, by superimposition or otherwise, of the two 
images resulting in the identification of the relative 
positions of these boundaries: and Step 3 is the measure- 
ment of the difference in location of the boundaries, i.e. 
the quantification of the FPE. at pre-selected points on 
the field periphery. Owing to the independence of these 
processes, the errors associated with each can be added 
quadratically to yield the total precision of the measure- 
ment. 
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Steps | and 2 were carried out by the observers 
participating in the study as described earlier. The over- 
all procedure was simplified, without loss of useful 
mformation, by having one individual (K.F.) perform all 
the measurements of Step 3. Thus the plastic sheets, with 
anatomical landmarks traced from treatment films 
together with both prescribed and treated field boundar- 
ies, were assembled and FPEs were measured in the 
middie of each of the four sides. 

Step |. as performed by each observer, consisted of 
independent pairs of assessments of the locations of the 
four field boundaries. The error components injected 
into the measurements of FPEs at different locations in 
the field from this procedure are expected to be uncorre- 
lated. In contrast. errors associated with Step 2, which 
requires the comparison of the prescribed and treated 
fields. result in correlations between FPEs determined at 
opposite sides of the field. For example, a greater than 
average FPE on the superior border of a field will be 
accompanied by a greater than average FPE on the 
inferior border. It was important to avoid distortion of 
the statistical comparison of the results obtained under 
different conditions because of this effect. In the data 
reduction which follows, only the FPEs on the left lateral 
and inferior borders have been combined for analysis as 
these measurements are independent. 

All the measurements of FPE made on the left lateral 
and inferior borders of each film pair were tabulated and 
the deviation of each measurement from the mean for 
that Bim pair was calculated. Between four and seven 
measurements were available to estimate the mean FPE 
at any location. Estimates of the precision of determining 
the FPE under a given set of conditions are based on 
observations on at least three film pairs. In general. each 
border on each film pair displayed a different FPE. It was 
assumed that the magnitude of the FPE did not influence 
the precision with which it could be measured and hence 
a standard deviation could be computed from the # 
deviations measured under a given set of conditions. 
Finally, the measured FPEs and associated precisions 
were demagnified to yield values in millimetres at the 
position of field definition, the isocentre. 
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Results 

Table I summarizes the results of 370 measurements on 
20 film pairs (Groups 1, 2 and 3 used the same five film 
pairs). The number of measurements per group is the 
product of 2 (for the two borders assessed), the number 
of observers and the number of film pairs per group. The 
observer group is indicated by T for treatment unit 
technologists, P for treatment planning and simulator 
technologists and R for radiotherapists. Two qualities of 
treatment film were assessed as described in the previous 
section: CT”? indicates that the film was obtained at 
25 MV and “D” indicates that an image obtained at 
diagnostic energies was compared with the prescription 
film. The magnification of the simulator film on which 
the treatment prescription was drawn was maintained at 
1.46+0.03, whilst the portal film was obtained with a 
magnification of either about 1.43 or about 1.25, as 
indicated in Table l. The column headed “Exposure” 
differentiates between single- and double-exposed treat- 
ment films. 

The main results of the study are tabulated in the 
eighth column of Table | in which are shown the stan- 
dard deviations of the FPEs as measured under the 
different sets of conditions employed during the study. 
Standard deviations are reported in mm at the location 
of field size definition. The final column shows the 
average time required to complete Steps | and 2 in the 
comparison of prescribed and treated fields, and to 
produce the plastic sheet with anatomical and boundary 
information indicated. 

Before proceeding to a discussion of the results, it 1s 
noted that the average FPE measured during this study 
(summing measurements of the moduli of the FPEs at 
all four field borders for the 20 film pairs) was 2.1 mm 
and hence considerably smaller than that reported by 
Rabinowitz et al (1985). There is no obvious reason for 
this difference, although it may in part be a consequence 
of different clinical practice at the two centres. A further 
contributing factor may be the manner in which the two 
studies were conducted. The present study was limited to 
square fields which can be expected to be easier to set up 
precisely than the blocked and irregular fields which were 


Table. 1 The precision with which the relative positions of prescribed and treated field boundaries can be quantified. See text for 


explanation of symbols. 


Group No. of No. of Observers Treatment Average Exposure On} Observation 
film pairs measurements film treatment (mm) time (min) 
(n) quality fiim 
magnification 
Í § 70 F T 1.43 i 0.9 6.3 
Z 5 50 P T 1.43 | 0.5 — 
3 5 40 R T 1.43 | 0,8 oo 
4 3 4? F D 1.47 | 0.7 5.0 
5 3 42 T T 1.27 | 2.2 10.0 
6 3 42 T D 1.25 | 1.5 7.6 
7 3 4? T T 1.25 2 1.5 70 
g 3 42 F D 1.3 2 1.4 5.9 


Lat 
oS 
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included by Rabinowitz et al (1985). In addition, and 
possibly of greater significance. is the fact that the 
locations of measurements in this study were pre-deter- 
mined and identical for all film pairs whereas in the study 
by Rabinowitz et al the observer selected the points at 
which the measurements were made. Any bias towards 
those regions where FPEs were largest would tend to 
exaggerate the magnitude of the average FPEs recorded. 


Discussion 

On the assumption that the measured FPEs are nor- 
mally distributed, the F test of significance may be 
applied to the variances of the different groups in 
Table I. In comparison with Group l, all Groups 
except 3 and 4 represented different populations with a 
probability exceeding 0.95. Group 4 differed at the 0.9 
level. 

A comparison of Groups |, 2 and 3 in Table I leads to 
the conclusion that experience in interpreting such films 
results in a more precise estimate of FPEs. The treatment 
planning and simulation technologists in this institution 
are responsible for assessing therapy field placement, in 
the first instance, and it is therefore not surprising that 
they display a higher degree of consistency than the other 
two groups. Groups | and 3 were different from Group 2 
at the p> 0.95 level, but not from each other. 

The influence of film quality on the precision of 
determining FPEs can be assessed by comparing 
Groups 4 and 1. In both these groups the magnifications 
of the prescription and treatment films were similar. 
With unlimited viewing time, only a marginal improve- 
ment in precision was observed over that obtainable with 
the poorer-quality 25 MV portal films. This result is 
consistent with the study by Reinstein et al (1987), who 
found that the advantage of superior film quality in 
identifying low-contrast features of a phantom decreased 
with increased observation time. It should also be noted 
from Table! that improved image quality. Group 4. 
leads to a reduction in the time required for a quantita- 
live assessment of FPE, although this reduction is 
modest. 

A comparison of Groups 5 and | illustrates the impor- 
tance of the relative magnification of the films being 
compared. The inability to overlay the two images not 
only results in a deterioration of the precision of quanti- 
fying the FPE of more than a factor of two but also 
results in a lengthier procedure than when equal magnifi- 
cation is employed. 

If, under these conditions of different magnification. 
image quality is improved as in Group 6, a significant 
reduction in both the standard deviation and the obser- 
vation time associated with the measurement of FPE 
ensues. However, these quantities are still much larger 
than those observed with a therapy quality image when 
compared with a prescription film of the same magnifica- 
tion (Group 1). 

Groups 7 and 8 summarize an investigation of the 
commonly employed double-exposure technique for the 
assessment of field placement. Our results indicate that 
under these conditions portal image quality does not 
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greatly influence the precision of FPE measurement, 
although a better quality image may be assessed more 
rapidly. Double exposure does not appear to offer any 
advantage over high-quality single-exposure portal films, 
Group 6. However, the technique does lead to higher 
precision than the use of single-exposure therapy-quality 
film, Group 5. 

In order to generate staustically significant results, 
data from only one site in the pelvis have been used. In 
general it can be expected that the precision of FPE 
measurement will depend upon the size and location of 
the treatment field and these are likely to influence 
particularly the comparison of double- and single-expo- 
sure techniques. However, although the standard devia- 
tions presented in Table I are almost certainly site depen- 
dent, the conclusions drawn above are expected to 
remain qualitatively valid for other treatment sites. 

In addition to the specific comparisons already 
described. several general observations may be made. 
The highest level of precision found in this study is 
certainly adequate for the quantification of clinically 
encountered FPEs and, given the margin allowed around 
known tumour under most conditions. is adequate for 
almost all clinical purposes. The Group 4 data were 
obtained under close to optimum conditions, and hence 
a standard deviation of 0.7 mm is expected to be close to 
the limit of precision in the measurement of EPES, 

Routine analysis of portal films allows the continuous 
assessment of systematic errors under the full range of 
treatment conditions. For practical reasons a quality 
assurance programme cannot be expected to be as com- 
prehensive and hence could be augmented and possibly, 
to some extent, replaced by a portal verification pro- 
gramme. With the advent of independently controllable 
field delineator wires and the availability of comprehen- 
sive quantitative FPE data, the interesting possibility 
develops of simulating not only the ideal treatment 
machine parameters but also the systematic mechanical 
errors present for any type of patient set-up. Systematic 
contributions to FPEs could be significantly reduced by 
the implementation of such an approach. 

Whilst this study has shown that the manual quantita- 
tive comparison of prescribed and treated fields may be 
made with high precision, it has also demonstrated the 
impracticality of this approach in the busy clinical 
environment. The observation times recorded and tabu- 
lated in Table I would result in too great a demand on 
scarce resources were a comprehensive quantitative por- 
tal verification programme, based on the manual com- 
parison of films, to be introduced. A possible solution to 
this difficulty, which is under active investigation in 
many centres, is the implementation of computer-based 
techniques (Lam et al, 1987). The results presented here 
may assist in identifying the salient features of software 
developed for the quantitative assessment and analysis of 
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feld placement errors. 


Conclusions 
With prescription and therapy-quality treatment films 
of the same magnification, the precision of quantifying 
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field placement errors lies between 0-5 and 0-9 mm. 
The use of treatment films of diagnostic quality results in 
a significant improvement in precision only if the films 
bemg compared are of different magnification. Com- 
parison of prescription and treatment films of different 
magnification requires a longer observation time and is 
less precise than when films of the same magnification 
are used. 

Deouble-exposure techniques enhance the precision of 
quantitatively evaluating therapy-quality films of magni- 
fication different from the prescription film. Such an 
improvement is not observed when comparing double- 
and single-exposure techniques with diagnostic-quality 
treatment films. 
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Abstract. Forty-eight patients with anal canal cancers were treated with surgery and irradiation or irradiation alone during the 
period 1970-1982. All cases were treated by external megavoltage equipment. The overall 5-year survival was 50%. and the local 
recurrence rate 33%. According to the therapy, four major groups were analysed: radical surgery followed by post-operative 
irradiation (5-year survival 43%, local recurrence rate 38%), incomplete major surgery and post-operative irradiation with very 
inferior prognosis (none of the patients surviving beyond 52 months). Two groups of patients had sphincter-saving procedures: local 
surgery followed by irradiation (S-year survival 78%, local recurrence rate 22%) and primary irradiation (5-year survival 57%, local 
recurrence rate 14%). Lymph node positive patients showed a median survival of 24.5 months against 52 months in NO cases (5-year 
survival 21% against 50%). Side-effects of radiotherapy were transient and mild. and no late severe sequelae were seen. The data 
indicate that post-operative external radiotherapy seems insufficient and unable to decrease the local recurrence rate, especially 
when surgery is incomplete. Both spincter-saving surgery and radiotherapy, as well as primary irradiation, are effective treatment 


modalities. These data are analysed and future aspects considering combined radiochemotherapy are discussed. 


Epidermoid cancer of the anus is a rare disease 
comprising l-4% of malignant colo-rectal cancer, 
though 30% of all ano-rectal malignancies are anal 
cancers. About 75% of anal cancers are anal canal 
cancers and are more common in women than in men 
(ratio 3; 2-5: 1) (Kuehn et al, 1968; Quan, 1978: Beahrs. 
1979; Eschwege et al, 1985). Histologically most cancers 
are of the squamous cell type of different keratinization. 
The lymphatic spread is mainly in three directions. The 
anal margin drains in the inguinal superficial region, anal 
canal tumours primarily in lymph nodes along the great 
vessels (A. mesenterica inferior, A. iliaca) and perirectal/ 
anal lymph nodes. 

Treatment of anal canal cancer is mainly a loco- 
regional problem, distant metastases being uncommon. 
The age of patients has a wide range from 25 to 80 years 
with a median age of about 60 years. About 75% of 
patients have uncharacteristic symptoms with 
haemorrhoids, fistulas, pruritus or leucoplakia which 
may delay the correct diagnosis. 

In Europe, irradiation always has played a more 
important role in the therapy of these tumours, 
compared with North America where surgery is often 
preferred as the initial therapy. Radiotherapy was 
abandoned in some centres during the early decades of 
this century because of severe side-effects. With the 
introduction of combined modality treatment, the use of 
concomitant radiochemotherapy has again changed the 
treatment policy towards a conservative 
radiotherapeutic approach to these cancers. 

The present study analyses the patients referred to the 
Department of Radiotherapy and Radiobiology, 
University of Vienna from 1970 to 1982 (assessment 
October 1987). 
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Materials and methods 

During a 12-year period from 1970 to 1982, 48 patients 
with anal canal cancer were treated at the Department of 
Radiotherapy and Radiobiology. University of Vienna. 
and followed up for at least 5 years. The patients were 
divided into four main groups depending on their disease 
status and therapy. 


Radical surgery and post-operative irradiation 

Abdomino-perineal resection was performed in 2] 
patients who were subsequently irradiated. The median 
age of these patients was 68 years (range 47—76 years). 
Four men and 17 women, all presenting with squamous 
cell cancer, were irradiated 4 to 6 weeks following 
operation. Table I shows the stage distribution according 
to the TNM system of 1982 (UICC, 1982). 

All patients were treated with megavoltage equip- 
ment, the tumour region being given 45-67 Gy in 5-7 
weeks. In two cases Bleomycin + 5-fluorouracil was 
applied concomitantly with irradiation. 


Incomplete abdomino-perineal resection and 
post-operative irradiation 

Four patients were referred for radiotherapy after 
incomplete abdomino-perineal resection of their anal 


Tumour excision and post-operative irradiation 

Nine patients were treated initially by a conservative 
surgical procedure. Local excision was performed in 
eight women and one man, aged 45-79 years (median 67 
years); two patients also underwent groin dissection and 
removal of metastatic lymph nodes. In eight cases the 
operative specimen showed a squamous cell cancer and 
in one patient a basaloid cancer was found. 


Ai 
Fo 


Table I. Abdomino-perineal resection and postoperative 
irradiation (n= 21). Stage distribution according to the TNM- 
classification(UICC, 1982) 
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Seven patients were treated post-operatively, and two 
patients were treated for a local recurrence 12 and 16 
months post-operatively. Table ]] shows the initial 
tumour stage in these patients. They were treated with 


Primary irradiation of anal canal cancer 

Fourteen patients with a histologically confirmed anal 
canal cancer had radiation as the primary treatment: 13 
patients had squamous cell cancer and one had basaloid 
cancer. Eight women and six men aged 47-86 years 
{median 72 years) were irradiated with doses of 45-70 Gy 
in 4-7 weeks (median 60 Gy). The stage distribution is 
shown in Table IH. 


Technique of irradiation 

All patients were treated with external-beam 
irradiation, using megavolt equipment, either “Co, 
6éMe¥ or 42 MeV photons or high-energy electron 
beams. 

The target volume comprised the pelvic region, with 
the cranial border at L4/S1I, the lateral margin being |. cm 
lateral of the osseous small pelvis. The distal margin of 
the field encompassed the perineal skin. Two types of 
field arrangement mainly were applied. Usually anterior- 
posterior fields were used, but in some patients this 
technique was used with an additional perineal field. 
Primary irradiation of anal canal cancer was performed 
by a direct perineal field in some cases. This group of 
patients had no elective irradiation of the inguinal region 
unless involved. 

in patients who underwent operation prior to 
irradiation, the medial inguinal lymph node region was 
generally included in the treatment field; in node positive 
patients the total extent of the inguinal region was 
enclosed in the irradiated field. 


Table H, Local tumour excision and postoperative irradiation. 
Stage distribution according to the TNM-classification 
(UICC, 1982) 
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“In each of these stages one patient with local recurrence was 
treated. 
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Table HE. Primary radiotherapy of anal canal cancer. Stage 
distribution according to the TNM-classification (UICC, 


1982) 
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Results 


Survival and local recurrence 
Radical surgery and post-operative irradiation. The 


lymph nodal status, the following was found. Patients 
with lymph node metastases had a mean survival of 35 
months (range 10-62 months) and a 5-year survival of 
2/8 (25%) against 54 months (range 20-86 months) and a 
5-year survival of 7/13 (53%) in node negative patients. 
Thirteen of 21 treated patients did not survive 5 years. 
Eight of these patients recurred loco-regionally and two 
patients had distant metastases (Jung, liver), one also 
presenting with a pelvic failure. The cause of death in the 
other four patients is unknown. Both patients receiving 
chemotherapy had an inferior prognosis because of the 
advanced stage of disease (survival 14 and 20 months). 

Incomplete abdomine-perineal resection and post- 
operative irradiation. These patients, initially presenting 
with large tumours, all died with tumour progression. 
Death occurred at 17, 23, 39 and 52 months, survival 
being shorter in node positive patients. 

Tumour excision and post-operative irradiation. These 
patients, presenting with less extensive tumours than the 
previous groups, showed a 5-year survival of 7/9 (78%), 
with a range of 24-118 months (mean survival of 60 
months). The two patients with a local recurrence after 
sphincter-saving surgery survived 24 and 60+ months 
after irradiation. The patient surviving 24 months died 
with tumour progression and inguinal lymph node 
metastases. Another patient died with a local recurrent 
tumour at 25 months. All other patients are alive and 
without evidence of tumour, 


patients died without evidence of tumour at 67 and 75 
months post-treatment, one patient (T4N1) died at 25 
months with tumour progression (persistent tumour and 
distant metastases). One patient (T2N0) showed a local 
recurrence after 24 months and was treated by 
abdomino-perineal resection. He was well for 2 years 
longer, then presented with a new local recurrence which 
could not be treated curatively. This patient died 53 
months after initial irradiation. Another two patients 
died with tumour-unrelated disease. Metachronous 
lymph node metastases in the inguinal region were not 
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Table IV. Treatment of anal canal cancer according to the 
mode of therapy. 





Therapy No. of Crude Local 
patients  S-year recurrence 
survival rate 
(%) (%) 
Radical surgery 2i 43 38 
+ irradiation 
Incomplete major 4 0 100° 
surgery + irradiation 
Sphincter-saving 9 78 22 
surgery + irradiation 
Primary radiotherapy 14 57 14° 
of primary tumour 
All 48 50 33 





“Persistence of tumour included. 


seen in any of the patients in this group. The results of 
treatment according to the mode of therapy are shown in 
Table IV. 

Survival according to lymphonodal status. In this series 
there were 34 patients without lymph node secondaries 
and 14 with lymph node metastases. The survival in 


months (median survival 52 months) with 17 patients 
surviving 5 years or more. In patients with positive 
lymph nodes, the median survival was 24.5 months 
(range 10-60+ months) with only three of 14 (21%) 
surviving at least 5 years. 

Distant metastases. Only three of the 48 patients have 
shown distant metastases (liver or lung). The true 
number of patients with distant metastases is probably 
greater, because not all patients had an autopsy or 
radiologically diagnosed secondaries. 

Side-effects. Generally treatment was well tolerated 
and only a few patients presented increased skin 
reactions. Transient moist desquamation occurred in 
some patients, and healed without sequelae in all 
patients. Gastrointestinal disturbances (diarrhoea or 
proctitis) were present in one-third of patients at the end 
of therapy. While diarrhoea persisted for only few weeks 
after therapy, the proctitis lasted longer and in five 
patients with normal anal function a mild rectal stenosis 
was present. None of the patients have shown a severe 
stenosis, fibrosis or fistula requiring surgical intervention 
and none have shown small bowel obstructions. 


Discussion 

Anal canal cancers are rare and large series are seldom 
reported. The therapeutic approach has changed 
markedly during the last decades, and while surgery has 
been the choice of therapy in most North-American 
series, traditionally in Europe radiotherapy has played a 
more important role. 

Table V shows the survival of patients treated for anal 
canal cancer according to different therapy modalities 
(Klotz et al, 1967; Hardcastle & Bussey. 1968: Kuehn et 
al, 1968: Stearns & Quan, 1970; Delouche et al, 1973: 
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Table V. Survival and local recurrence of anal canal 
carcinoma according to modality of treatment 





Treatment No. of 5-year Local 
patients survival recurrence 
(%) (%) 
Major surgery 
Klotz et al (1967) 194 50 26 
Greenall et al (1984) 103 58 27 
Hardcastle & Bussey 92 48 27 
(1968) 
Boman et al (1984) 1i4 71 40 
Local excision 
Kuehn et al (1968) 26 Taa 8 
Stearns & Quan (1970) 30 66 63 
Klotz et al (1967) 33 61 33 
Radiotherapy (external) 
Eschwege et al (1985) 64 46 19 
Green et al (1980) 16 8] 25 
Cummings et al (1982) 5] 7I 27 
Present series 14 57 l4 
Radiotherapy 
(external + interstitial) 
Papillon & Montbarbon 222 66 21 
(1987) 
Delouche et al (1973) 22 45 25 





Green et al, 1980; Cummings et al, 1982; Boman et al, 
1984; Eschwege et al, 1985; Greenall et al, 1985; Papillon 
& Montbarbon, 1987). Analysing the survival in the 
present study, there does not seem to be a major benefit 
of post-operative irradiation following radical surgery. 
The survival of 43% in the present series is guite 
comparable to the survival rates found after radical 
surgery without post-operative irradiation (see Table V}, 

Hohm and Jackman (1964) found a survival rate of 
50% in patients irradiated after radical surgery 
compared with 65% in patients treated by radical 
surgery only. Schulz et al (1982) found a recurrence-free 
survival in 6/14 patients following post-operative 
irradiation. The follow-up in their series was 14-60 
months. Frost et al (1984) also did not find any survival 
benefit in patients receiving post-operative irradiation 
after major surgery, although the local recurrence rate 
decreased (17% against 25%). 

Post-operative irradiation after incomplete major 
Surgery apparently does not result in an increased 
survival. However, one must bear in mind that few 
patients have been treated in this category. The reason 
for its ineffectiveness is the advanced nature of these 
large unresectable lesions and biological behaviour of 
persisting tumour following surgery, with a high 
proportion of anoxic, less radiosensitive tumour cells. 

Anal canal cancer should be treated in the light of two 
major problems. First, the tumour must be controlled, 
which is possible either by surgery or radiotherapy, and 
secondly one should choose the most conservative 
treatment modality, sparing the patient a permanent 
colostomy. Sphincter-saving surgery is only feasible in a 
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few selected. small cancers, accounting for about 25% of 
all anal canal cancers (Eby & Sullivan, 1969). 
Radiotherapy as a non-invasive, curative treatment 
modality can be applied to about 80% of patients 
(Papillon & Montbarbon, 1987). 

The crude 5-year survival in patients treated 
conservatively by local excision and irradiation (nine 
patients) or irradiation alone (14 patients) was 15/23 
(6%), which can be compared with other conservative 
therapies showing similar survival rates (Klotz et al, 
1967: Kuehn et al, 1968; Stearns & Quan, 1970). 

Comparing the results of local excision and local 
excision followed by post-operative irradiation, it seems 
that post-operative irradiation could decrease the local 
recurrence rate. Greenall et al (1985) found only 10% of 
all cases of anal canal cancer suitable for local excision: 
of these patients 65% experienced a recurrent tumour. In 
the series presented here, the local recurrence rate after 
local excision and post-operative irradiation was quite 
low. When the two patients treated with recurrent 
tumour after local excision are excluded, the local 
recurrence rate in these patients is 1/7 (14%) and the 
§.year survival rate of 6/7 (86%) 1s quite comparable to 
the data of Hohm and Jackman (1964), who found a 
survival rate of 81% (13/16) in their patients treated by 
local excision and subsequent irradiation, 

The results obtained for the 14 patients treated by 
primary irradiation show that radiotherapy is as effective 
as limited surgery (local excision). Obviously the number 
of patients treated is small and the tumour stage 
distribution shows that mainly earher stages were 
treated. The corrected survival rate of 83% (10/12) 
shows the irradiation of these tumours is an adequate 
therapy. The local recurrence rate of 14% is also less 
than expected after local excision only. The reason for 
the low loco-regional recurrence rate may be that not 
only the tumour region is treated but also pelvic lymph 
node regions are included in the treatment volume. 

According to the literature, the frequency of pelvic 
nodal disease varies from 10 to 45% (Grinell, 1954; 
Dargent, 1958; Dillard et al, 1963. Klotz et al, 1967; 
Hardcastle & Bussey, 1968; Kuehn et al, | 968: Stearns & 
Quan. 1970) and depends on histology, tumour stage and 
localization. Basaloid carcinoma metastasizes earlier than 
squamous cell cancers. Boman (1984) found lymph node 
metastases in 35° of patients with basaloid cancers 
against 6% in patients with squamous cell cancers 
(tumour smaller than 2cm). This difference is also 
present in 2-3cm tumours (50% against 29% lymph 
node metastases). In more extensive tumours there is no 
significant difference (50% against 46%). 

Since a local excision of a small anal canal cancer does 
not include any therapy of pelvic lymph nodes, this may 
be a reason for the high incidence of recurrence following 
limited surgery (Klotz et al, 1967; Beahrs, 1979; Stearns 
& Quan, 1970; Frost et al, 1984; Greenall et al, 1985). 

The frequency of inguinal node secondaries does not 
differ from the incidence of pelvic node metastases 
(Kuehn et al, 1968. MacConell, 1970; Stearns & Quan, 
1970: Beahrs & Wilson, 1976; Loygue et al, 1981; 
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Cummings et al, 1982: Glimelius et al, 1987). The 
inguinal region was not electively irradiated in the 
patients referred to in the present report. Only patients 
with inguinal lymph node metastases were irradiated to 
the groins after lymphadenectomy. So far no 
metachronous lymph node metastases have occurred in 
node-negative patients. This would justify a watch policy, 
especially since the inguinal region is easily examined and 
metachronous lymph node secondaries have a better 
prognosis than synchronous metastases (Golden & 
Horsley. 1976; Papillon, 1982). In the literature different 
statements can be found. Rousseau et al (1973) and 
Delouche et al (1973) recommended elective irradiation, 
whereas Cummings et al (1982) found no difference in 
inguinal failure rates in patients treated with elective 
inguinal irradiation. Generally the trend shows that 
elective irradiation is not of much benefit. Another 
reason for not performing an elective irradiation to the 
groins is potential radiation-induced morbidity 
with possible lymphoedema and gastrointestinal 
reactions. 

There is no doubt that the lymph nodal status is an 
important prognostic factor. The survival in patients 
treated in this series was 21% when lymph nodes were 
involved against 50% in NO patients. These data can be 
compared with others showing 5-year survival from 0 to 
40% (Dillard et al, 1963, Hightower & Judd, 1967; 
Kuehn et al, 1968; Brennan & Stewart, 1972; Beahrs & 
Wilson, 1976; Corman & Haggit, 1977; Pyper & Parks. 
1985) in patients with lymph node secondaries. Using 
radiotherapy, possible micrometastases in lymph nodes 
can be sterilized by a dose of 50 Gy in 5 weeks. This dose 
can safely be applied without major complications and 
should be the dose delivered to subclinical disease. A 
dose lower than 50 Gy is ineffective and cannot be 
recommended in curative treatment. The primary 
tumour or enlarged metastatic lymph nodes require an 
increased radiation dose. 

Tumour control clearly depends on the tumour 
volume and the dose of irradiation. Eschwege et al (1985) 
found a local recurrence rate of 9% in TI-T2 tumours 
when irradiation was performed with 60-65 Gy, while in 
T3 tumours the rate was 24% and in T4 tumours 33%. 
Thus, 65 Gy seems to be a sufficient dose to eradicate 
small tumours (T1-T2). The dose in larger tumours 
should be increased, thus achieving a higher local 
control. This is possibly difficult when using external 
beams alone. Papillon (1982) therefore advocates the use 
of additional curietherapy to increase the tumour dose, 
without extensive irradiation of normal pelvic tissue and 
he has reported a 66% 5-year survival rate. 

In the present study the dose was 40-75 Gy. The dose 
of 40 Gy was delivered palhiatively to one patient with 
large residual tumour after abdomino-perineal resection. 
In most cases the dose was adopted according to the 
tumour situation, e.g. post-operative dose (“low risk”) 
45-50 Gy. In patients with larger initial tumours the 
post-operative dose was 55-70 Gy. A similar policy was 
used in the treatment of primary tumours. One patient 
with a large (T3) cancer interrupted treatment (at 45 Gy), 
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but all others were treated as initially planned (55- 
70 Gy). 

The number of patients treated and the various doses 
used in the present study do not enable any conclusions 
to be made about the comparison of dose and control. 
Both irradiation techniques used gave a similar effect, 
except for a slight increase of perineal skin reaction when 
a perineal field was added to the opposed fields. 

Since Nigro et al (1974) first reported on 
radiochemotherapy with mitomycin C (MMC) and 5- 
fluorouracil (S-FU) the therapy of choice has changed 
markedly to more conservative sphincter-saving 
procedures, abandoning the Miles operation, sparing 
most patients a permanent colostomy. The combination 
of radiation and MMC and 5-FU has resulted in a clear 
therapeutic benefit. Papillon and Montbarbon (1987) 
found a significant decrease of local recurrence when 
MMC and 5-FU were added to irradiation during the 
first 5 days of radiotherapy (recurrence rate 19% against 
34%, p= 0.02). A similar treatment regime has been used 
at the Department of Radiotherapy and Radiobiology, 
University of Vienna since 1985 (Dobrowsky, 1988). 
Since 1985, nine patients have been treated with 
radiochemotherapy using 15 mg MMC/m? on Day | and 
750 mg 5-FU/m? per day for Days 1-5. Irradiation was 
given to 50 Gy in 4 weeks, starting on Day 1. Six weeks 
following irradiation an implant with iridium 192 was 
performed (15-20 Gy in target volume). So far none of 
the patients has experienced a recurrence and all patients 
are alive and well. 

In conclusion, external radiotherapy seems to be able 
to eradicate smaller tumours. For therapy of larger 
cancers brachytherapy or chemotherapy should also be 
given to increase the local therapy. Post-operative 
irradiation (following abdomino-perineal resection) does 
not seem to be of great benefit either for survival or 
recurrence. Post-operative irradiation following local 
surgery decreases the rate of local recurrence. Initial 
results from irradiation and concomitant chemotherapy 
(MMC and 5-FU) are encouraging, showing high 
tumour clearance, low local recurrence and a normal 
sphincter function in a great majority of cases. Future 
studies will show if the combined modality treatment will 
replace surgery and be accepted as the treatment of 
choice for all stages of anal cancer. 
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Abstract. Discriminant analysis was carried out for 48 tongue cancer patients who were treated with radium single-plane 
implantation. The 48 patients were grouped into 32 successfully cured without complications, five successfully cured with 
complications, six successfully cured but requiring additional boost therapy and five with local recurrence. To evaluate the 
relation between the dose distribution and the local treatment results, the analysis was based on a volume—dose relationship. The 
functions introduced by this discriminant analysis were linear, and the parameters used were modal dose, average dose and shape 
factors of histograms. Each group of treatment results had a correction rate of > 80%, except for the successfully cured group 
with ulcers. The discriminant functions were useful as an index to obtain a final clinical treatment result at the early ume of 
implantation, and these functions could be used as a criterion for the optimal treatment of tongue carcinoma. We were also able 
to recognize the limitation of the actual arrangement of sources in the single-plane implant. 


Several brachytherapy systems have been described 
using interstitial implants (Laughlin et al, 1963; 
Meredith, 1967; Goodwin et al, 1970; Pierquin et al, 
1978), and the dosimetry of ideal arrangements of the 
sources has been reported (Gillin et al, 1984; Marinello 
et al, 1985; Muller-Runkel & Vijayakumar, 1987). 

In practice, the dose distributions can be obtained 
with the aid of a computer and then a particular isodose 
can be selected from a series of isodose curves. 
However, even if we confirm the distribution inside a 
particular isodose curve selected for dose prescription, 
the results obtained can be conflicting. This is because 
the dose distribution in a target volume is decided from 
only the isodose curve, which is only one index. 
Therefore, an isodose curve needs to be selected on the 
basis of the integrated index which has a direct relation 
with the local treatment results. 

Quantitative analyses of dose distributions have been 
attempted using the volume-dose relation (Awwad 
et al, 1974: Tokita et al, 1980; Burgers et al, 1985; 
Anderson, 1986; McCrae et al, 1987). Although this 
relationship cannot present information about positions 
for individual doses, it seems able to compress the 
whole dose distribution in a target volume into basic 
Statistics (average dose, modal dose, etc.). If the 
interstitial treatment results can be estimated by the 
statistics obtained from the volume—dose histogram, 
predictive mathematical models will be obtained. They 
can function as criteria for quality control in 
brachytherapy or for the selection of a proper isodose 
for dose prescription. 

Although iridium sources are now used for 
brachytherapy, we have performed the first examination 
of the predictive models using cases treated with radium 
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needles (Horiuchi et al, 1982, 1986). The technique we 
use is discriminant analysis, employing a method of 
multivariate analysis of the results obtained by local 
treatment of carcinoma of the tongue. 


Materials and methods 

Forty-eight patients with carcinoma of the tongue 
were treated with single-plane radium implants between 
1971 and 1986 (Horiuchi et al, 1982, 1986). They were 
divided into five groups according to their clinical 
outcome after treatment: 32 locally-cured cases with no 
complications, two locally-cured cases with ulcers, three 
locally-cured cases with necrosis, six locally-cured cases 
requiring additional boost therapy by electron beams, 
and five cases with local recurrences. The minimum 
follow-up period was | year. All patients had had no 
previous treatment such as surgery, external irradiation 
or chemotherapy. According to the UICC TNM 
classification, there were 10 patients with TI and 38 
patients with T2 tumours. The planned doses ranged 
from 60 to 70 Gy in 114 to 194 h. 

Thirty-eight of the 48 patients were taken as initial 
samples in order to compute the discriminant functions, 
and the other 10 locally-cured cases were utilized as 
“external” samples to verify whether the functions 
acquired from the initial samples were valid. Pretreat- 
ment calculation of needle selection and treatment time 
was done according to the Paterson--Parker rules. 

Clinically, not all needles can be inserted exactly as 
planned. Therefore, the plane of the sources in single- 
plane implantation was approximately determined so as 
to cross the geometrical centre of an actual source 
arrangement. The area of this plane was equal to that of 
the treatment plan. The calculated region was estab- 
lished as a box 10mm wide centred on the plane of 
sources and the width between calculation points was 
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Figure 1. Volume--dose histogram normalized by total volume 
for single-plane radium implants of four groups as (-—-— ) 


locally cured case without complications, ( ) locally 
cured case with necrosis, (— — —) locally cured case requiring 
boost therapy and (-----) uncontrolled case. 


imm. The distribution of volume per dose was 
established for the region within this box. The 
frequency of volume was obtained in each dose interval 
for the dose range from 10 to 320 Gy, divided into 31 
intervals. To demonstrate effectively the differences in 
volume per dose among cases, logarithmic dose 
transformation was necessary. 

The kth moments were used as general variables to 
determine the shape of the histogram. Four parameters 
(an average dose, a modal dose, skewness and kurtosis) 
were used in the discriminant analysis (Lachenbruch, 
1975). Skewness and kurtosis, calculated from the 
second to fourth moments around the average, were 
used as the shape factors of the histogram (Fisher, 
1950). 

The analysis was restricted only to the assessment of 
dose distribution, and clinical parameters were not 
taken as variables for discriminant functions. As the 
material was limited to single-plane implants, the 
differences in the clinical parameters were assumed to 
be relatively small. 


The initial 38 patients were divided into three object 
groups according to the treatment results: 
(1) CR group: locally-cured group, 22 patients. 
(ID) B&R group: locally-cured group requiring addi- 
tional boost therapy and local recurrence group, 
1] patients. 
(H) COMP group: locally-cured group with ulcer and 
necrosis, five patients. 
Cases with different final outcomes were included in the 
B&R group. These cases were not treated successfully 
with brachytherapy. 


Results 

Figure | shows the typical volume—dose relationship 
for the four groups in the calculated region. The 
difference between the histograms for the CR cases and 
the COMP cases is evident (Fig. 1). The shape of the 
volume-dose histogram for the CR cases was similar to 
that of a lognormal distribution. By contrast, the shape 
of the histogram for the COMP cases reveals a plateau 
and was shifted to higher doses. The peak of the 
histogram for the recurrent cases was lower than that 
for the CR cases. In cases requiring boost therapy, the 
volume showed a steep fall-off in the high-dose region. 

As the number of cases in each group was limited, the 
distribution of each variable (modal dose, average dose, 
skewness, kurtosis) was expected to be lognormal when 
plotted as a probability scale. The discriminant analysis 
was then done after the logarithmic transformations 
such that each variable had a normal distribution. As 
the skewness and kurtosis each had a negative value (f). 
the transformations were done by log (1+ p). 

Figure 2 shows the correlations between each pair 
of the four parameters in the analysis. As shown in 
Fig. 1, a histogram for an appropriate implant 
concentrates on a given dose and is symmetrically 
distributed. Then skewness and kurtosis have values 
close to zero and the histogram has a distribution 
similar to that of the lognormal distribution. The cases 
which met the above condition, are found close to the 
origin of Fig. 2a, and if the average dose is sufficient. 
these cases are in the CR group. Because sources are 
distributed in the calculated region, the histogram 
usually has a long tail extending to the higher dose 
level, ie. the histogram is skewed to the right. 
Therefore, in addition to the vicinity of the origin on 
Fig. 2a, the first quadrant of Fig. 2a also becomes a 


Table L Comparison between dose, shape factors and local results 


CR (n = 22) 


Modal dose (cGy) #4394117 


Average dose (cGy) 10226 + 109 
skewness 0.0164 0.108 
Kurtosis —0.01940.149 


B&R (n = 11) 


6602 + 184 


9234 + 123 


9829 + 113 10970 + 122 
— 0.068 +0.144 ~-0.121+0.146 
0,088 +0.187 0.289 +0.212 


UNAS ec tne 


CR, locally-cured group without complications; B&R, locally-cured group requiring boost therapy and uncontrolled group; 
COMP, locally-cured group with complications (ulcers and necrosis). Each variable was processed by logarithmic transformation 
for the discriminant analysis, but dose values in this table are returned to the original form. Results given as mean + SD. 
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successful region under the condition that the average 
dose is sufficient. Kurtosis denotes the degree to which 
the volume is concentrated about an average dose; it 
has a negative correlation to average dose in Fig. 2b. 
Clearly the average dose for a given kurtosis in the 
B&R group is lower than that in the CR group. 
Average and modal dose are the same in a normal 
distribution and in a general volume~dose histogram 
the difference between them will be expected to be 
small. Figure 2c shows a positive correlation between 
them both, but the cases (34-37) in the COMP group 
had values separated from the CR and B&R groups. 
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Figure 2. Scatter diagrams of the relationships among the four 
variables (skewness, kurtosis, average dose, and modal dose) 
used for the discriminant analysis. ©., Locally-cured cases 
without complications due to single-plane radium implant 
alone; @, locally-cured cases requiring boost therapy and 
uncontrolled cases; [7], locally-cured cases with complications. 
Each number indicates patient ID common to all figures. P, 
cases not discriminated by the functions in Table IL. 


Table I shows the parameters for the three groups of 
patients, subject to the above transformation. The linear 
discriminant functions for each pair of groups, acquired 
by using four parameters, and the apparent prediction 
rates (the number of cases discriminated correctly 
divided by the total number) are shown in Table II. As 
there were some correlations between parameters, the 
validity of them was examined by the F test using 
Mahalanobis’ generalized distance. The results of the 
test are shown at the bottom of Table II. In the case of 
the relationship between the CR and B&R groups, the 
parameters average dose and kurtosis were demon- 
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Table H. Linear discriminant functions between pairs of 


groups 


ananassae TTAN ANAA AANA HASSA anaana 


is — {5,6659 18.1024 29.2206 

€ 39,8172 — 39,7956 ~ 72.4029 

d 8.0715 3.3385 — 0.9490 

e R 8535 3.1938 — 7.2835 
Z0 CR CR B&R 

fad B&R COMP COMP 
Apparent 

correct CR: 95.5% CR: 90.9% B&R: 81.8% 


rate B&R: 81.8% COMP: 60.0% COMP: 100% 


Tr ene ern iaieaninnamnmmmansenanuneemmmeteninndeinshieeedemimmemucassanauannenemmennanenuamnenmaaaa nent 


Z = atbx,+ex, +dxy +eX,. 

x, = log, (modal dose [Gy]), x, = logy, (average dose [Gyp, 
x, = logy, (skewness + 1), x4 = logy (kurtosis + 1). 

The group corresponding to a given case is determined by a 
positive or negative sign of the linear discriminant function 
values (Z>0 or <0 in table). CR, locally-cured group without 
complications, B&R, locally-cured group requiring boost 
therapy and uncontrolled group; COMP, locally-cured group 
with complications (ulcers and necrosis). The apparent correct 
rate is the number of cases discriminated correctly divided by 
the total number x 100. Average dose (p <0.01) and kurtosis 
(p< 0.05) between CR and B&R. Modal dose (p<0.01) and 
average dose (p< 0.05) between B&R and COMP. None of 
the variables are significant between CR and COMP (p <0.09). 


strated to be statistically significant, p<0.01 and 
p«<0,05, respectively, The other parameters, modal dose 
and skewness, gave rise to no significance, p< 0.06 and 
p<0.13, respectively. 

The apparent prediction rate for each group was 
more than 80% except for the cases which discriminated 
between the CR and COMP groups (Table I). The 
arrowheads in Fig. 2 denote the cases that could not be 
discriminated and Fig. 3 shows the distributions of 
discriminant scores. The prediction rates for CR and 
B&R were high (96% and 82%). The controlled cases 
with ulcers (Cases 36 and 38) in the COMP group could 
not be discriminated from the CR group; the cases with 
necrosis in the COMP group were discriminated 
correctly. Cases 24 and 30 in the B&R group, given 
additional boost therapy, could not be discriminated 
from the other two groups. The recurrent Case 29 in the 
first quadrant of Fig. 2a was a man treated in a short 
overall time owing to the worsening of his general 
condition. He had a low average dose without any 
change in the shape of the volume~dose histogram. As 
there were no new cases in the COMP and B&R 
groups as “external” samples, it was not possible to 
test the functions on new cases, except for the CR 
group. In the new CR cases, the apparent prediction 
rate was 80% using the functions given in Table H. 

Some cases in the B&R group (Cases 23-25, 27, 30, 
32) had been subjected to additional external irradiation 
for an induration indicating remaining tumour soon 
after the interstitial implantation. Uncontrolled cases 
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Figure 3. Discriminant scores of the three groups according to 
the functions in Table H. CR, locally-cured cases without 
complications; COMP, locally-cured cases with complications, 
and B&R, locaily-cured cases requiring boost therapy and 
uncontrolled cases. 


(Cases 26, 28, 31, 33) had no such induration 
immediately following the implantation. These cases 
were distributed at the periphery to the successful 
region in Fig. 2a, b. The low kurtosis and/or low 
average dose were suspected to have caused the failure 
of treatment. 

Most of the cases with complications (Cases 34-37) 
were distributed in the third quadrant of Fig. 2a. Cases 
34, 35 and 37 had a low kurtosis value and the 
histograms extend widely from a lower to a higher dose, 
ie. a large deviation of dose. Two cases with ulcers 
(Cases 36, 38) had CR values of skewness and kurtosis; 
one (Case 36) had a higher average dose (125 Gy) and 
the other (Case 38) had an average dose (100 Gy), the 
same as that for the CR group (Fig. 2b), The ulcer in 
Case 38 was assumed to be caused by inappropriate 
local care after implantation. 


Discussion 

There have been several studies concerning the 
factors and dose specifications of importance for 
treatment results of brachytherapy (Awwad et al, 1974; 
Burgers et al, 1985). These approaches have tried to 
obtain a common basis for discussing data obtained 
from different institutions and thus to obtain common 
criteria for the application of brachytherapy. 

In the present analysis, discriminant functions for the 
local treatment results were obtained by using 
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volume—dose histograms. Statistically-defined dose and 
shape factors derived from the histograms were used for 
discrimination. No consistent trend was found as to 
how these factors contribute to discriminate the 
treatment results. In the case of the clinically most 
important discrimination, between the CR and B&R 
groups, the dose and shape were found to be the most 
valid factors. In particular, a statistical significance was 
found relating average dose and kurtosis. It may be that 
the function relating these groups classifies a case by 
measuring the degree of volume concentration around a 
specific dose. 

The B&R and COMP groups had opposite relation- 
ships between kurtosis and skewness, and their volume 
distributions deviated from normal distributions 
(Fig. 2a). For these groups the dose factors were more 
important than the factors concerning shape. Compar- 
ing the CR and COMP groups no one parameter was 
found to be dominant and the prediction indicated the 
lowest value in the COMP group. Therefore, further 
investigation will be required for other complication- 
inducing factors. 

It is sometimes necessary to modify the initial 
treatment plan. The functions presented here are useful 
for optimization in such a case. There will be two 
methods of modification: one is to alter the treatment 
time and the other is to change the positions of the 
needles. The shape of the volume—dose histogram, Le. 
skewness and kurtosis, depends mainly on the arrange- 
ment of sources, and its position on the abscissa of the 
histogram (average dose) depends mainly on the overall 
time of implantation. Therefore, knowing the relation- 
ship between these parameters it is possible to predict 
the result of an implant and to describe the method of 
modification. For instance, the uncontrolled cases (Cases 
28, 29 and 33), with the same skewness and kurtosis as 
the controlled cases (Fig. 2a), would be expected to 
improve with a change in the time factor, whereas in the 
cases with complications (Cases 35 and 37) it would be 
necessary for some of the needles to be repositioned. 

The cases in this analysis were treated with radium, 
but the results should provide a basis for application to 
other sources, e.g. iridium. 
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the Newcastle afterloading technique 
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Abstract. Eighty-seven patients with carcinoma of the uterine cervix were seen between | August 1977 and 31 December 1985. 
Seventy-one patients were treated radically. A combination of intracavitary radiotherapy, using the Newcastle manual 
afterloading technique, and external-beam radiotherapy was used. The actuarial 4-year survival for all Stage | cervical carcinomas 
was 84.9%. For Stage 2 cancers the actuarial local control rate was 71.1% and the survival 49.2%, and for Stage 3 cancers the 4- 
year actuarial local control rate was 24.3% and the survival 14.8%. Complications of treatment were confined to the bowel and 
bladder and occurred in 11.5% of cases. The results of treatment of Stage | cancer suggest that the intracavitary technique gives a 
satisfactory distribution of radiation. The results of treatment of more advanced cases are disappointing and suggest that 
improvements are possible for some patients (/.e. wedge malalignment patients). There is sufficient flexibility in the technique for 


it to be applied satisfactorily for most anatomical situations. 


In 1972 a manual afterloading system for gynaeco- 
logical intracavitary radiotherapy was commissioned in 
Newcastle upon Tyne (Clayton & Ross, 1975). This 
paper describes the results of treatment of a series of 87 
cases of carcinoma of the cervix referred from | August 
1977 to 31 December 1985. In January 1986 a remote 
afterloading version of the system was introduced 
(Dean et al, 1988). 


Patients and methods 

Patients were staged prospectively using the FIGO 
system. The division of cases by stage and treatment 
intent is shown in Table I, The eight cases who had 
had either a simple abdominal or vaginal (one case) 
hysterectomy as the initial procedure were treated at the 
time of referral to the radiotherapy department. In one 
of these cases referral was delayed for some months. 
The histological grade of the squamous cell carcinomas 
was given in 59 cases but the numbers are too small to 
correlate histological grade to outcome. Seven adeno- 
carcinomas of the cervix were seen. The relationship 
between age at presentation and stage is shown in 
Table I. The distribution of Stage 1 cases with age is 
not significantly different (y?= 2.206) although the 
irend is for younger patients to have Stage | disease. 


fable L Stage of disease and treatment 


l 


Radical 


Stage Previous Palliative Total 
non-radical radiotherapy radiotherapy 
surgery 
Stage] $ 22 tg 30 
Stage l ~~ 21 3 24 
Stage 3 — 24 i 25 
Saged — 4 å 8 
Total g 71 8 87 


The intention was to treat all patients by a 
combination of external-beam and intracavitary radio- 
therapy. For Stages Ib and 2 the treatment was initially 
by two intracavitary insertions 1 week apart, with 
35 Gy being given to Point A on each occasion. This 
was delivered over an average of 45h at the beginning 
of the study period but by 1983 the time had risen 
typically on average to 52h. Therefore, at that time it 
was decided to use three intracavitary insertions giving 
24 Gy to Point A. The insertions were made at weekly 
intervals. This total dose of 72 Gy to Point A in three 
insertions over 17 days was considered biologically 
equivalent to 70 Gy to Point A in two insertions over 9 
days. 

The external-beam radiotherapy given to Stage Ib 
and 2 patients was aimed to treat the parametria. The 
central 6cm of the field (at 10cm depth) was shielded 
by a shaped lead block (gynae wedge). The parametria 
received 36 Gy in 15 daily fractions to the mid-plane 
and the portion of the pelvis shielded by the gynae 
wedge received 6 Gy (16.7% of the mid-plane dose) 
from scattered radiation when 4 or 8 MV X rays were 
used (the gynae wedges were designed for each 
machine). 


Table II. Stage of the disease and age 


Age Stage Total 
(years) a a 

I 2 3 4 ) 
20-35 4 = l looo o o 6 
36-50 7 4 3 l | 16 
51-65 13 if 14 2 _ 40 
66 + 5 7 7 4 om 23 
? I 2 — ma — 3 
Tota! 30 24 25 8 l 85 
SOSS 
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Figure 1. Arithmetical addition of three '37Cs insertions and 
parametrial irradiation using 8 MV X rays. A total of 72 Gy 
was given to Point A in three insertions from the '37Cs at 
weekly intervals. The parametria received 36 Gy in IS daily 
fractions. The plane of calculation is coronal and there is no 
anteversion of the intrauterine source but it is tilted 10° to the 
left. X, '*’Cs sources; & origin, lowest uterine source. 


\ 
30 






40 





For Stages 2b and 3 patients, if the above treatment 
regime could not be used, then 44 Gy modal dose was 
given in 20 daily fractions over 4 weeks to the true 
pelvis excluding the posterior two-thirds of the rectum. 
If possible an intracavitary treatment of 30 Gy to 
Point A was used at the end of treatment. Early in the 
series higher doses were given to the whole pelvis. 

The treatment volume for the  external-beam 
radiotherapy covered the following limits. 


(1) The upper border of the volume was at the L5-S1 
junction. 

(2) The lower border of the volume was just below the 
obturator foramen (unless vaginal involvement by 
tumour suggested a lower level was appropriate). 

(3) The lateral borders were each 1.0cm clear of the 
bony pelvic side walls. 


Patients were followed up at 3-monthly intervals for 
3 years and then 6 monthly from then to 5 years. After 
5 years follow-up was arranged close to the anniversary 
of treatment. 

While Point A and B doses do not vary greatly with 
the lateral tilt of the uterine tube, major variations in 
dose occur in the tissues between Points A and B 
depending on the lateral tilt of the uterine tube (Fig. 1). 
It is not possible to apply these distributions 
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Figure 2. Actuarial survival for Stage | cervical cancers. 
(~=) all cases, (—-—~—) simple hysterectomy cases and 
(...) radical radiotherapy cases. 


retrospectively to the patients studied. However, the 
principle of high and low doses being due to lateral tilt 
of the uterine tube correlates with the result of 
treatment. 


Results 

The actuarial 4-year survival for all Stage | cervical 
cancers was 84.9% (Fig. 2). For 22 Stage | cancers 
treated by radical radiotherapy alone the actuarial 4- 
year survival was 89.9% and for those Stage ! cancers 
(eight) treated initially by a non-radical hysterectomy 
and radical radiotherapy the 4-year actuarial survival 
rate was 709%. This difference was not significant 
using statistical tests (y°). 

For 21 Stage 2 cases treated radically the actuarial 4- 
year survival was 29.2% and the 4-year actuarial local 
control rate was 71.1% (Fig. 3). For Stage 3 cancers, 
the 4-year actuarial survival was 14.8%, for 24 cases 
treated radically and the 4-year actuarial local control 
rate was 24.3% (Fig. 3). Of nine Stage 4 cases, five were 
treated with radical intent and one of these has died. Of 
the 21 Stage 2 cases, only seven were Stage 2a and four 
of these seven survived. In one case the recurrence was 
associated with a low-dose region and in another 
widespread dissemination occurred despite local 
control. Of the 24 Stage 3 cancers, only four were Stage 
3a and two of these four survived. 

There is no evidence from this series that younger 
patients (<35 years) do worse in terms of either local 
control or survival when compared to older patients. 
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Figure 3. Actuarial local control for Stage 2 { } and 3 
(~~ — } cervical cancers. 


Examination of the combined external and intra- 
cavitary dose distributions in Stage 2 and 3 cases 
suggests that in two Stage 2 and two Stage 3 patients a 
fixed central position for the gynae wedge contributed 
to a failure due to low dosage of tumour bearing tissues 
secondary to a lateral tilt of the intrauterine tube. 

Complications of treatment were confined to bowel 
and bladder. The details are shown in Table HI. Total 
morbidity was 10/87 (11.5%). Nine of 10 cases suffering 
morbidity had serious morbidity and one of 10 died 
from complications. Four cases of bowel damage can be 
correlated with the position of the gynae wedge in 
relation to the intracavitary sources or in one case 
failure to achieve a satisfactory ‘*’Cs insertion for 
anatomical reasons. No cases of failure or morbidity 
can be attributed to the use of flexible uterine tubes to 
carry flexible uterine source trains. 


A comparison of the results of treatment from a 
number of centres (Mould & Staffurth, 1979) showed a 
wide range of figures. The figures reported here are 
comparable but the results of treatment for Stage 2 and 
3 cancers fall at the lower end of the ranges. 
Comparison with more recent reports leads to the same 
conclusions (Wiernik, 1986; Yeoh & Spittle, 1986; 
Meanwell et al, 1988.) 

The physical features of the Newcastle system have 
been discussed in detail elsewhere (Dean et al, 1988). 
The dose around the cervix is high and comparable to 
that achieved by the Manchester system. The results of 
treatment for Stage | disease clinically confirm that this 
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Table HI. Complications of radiotherapy 


EES AAAA TAAA AAEE EAA 


Stage Complication “Total” dose 
to Point B 
(Gy) 
1B Mild rectal 64.6 
iB Bladder 55.6 
(treated by partial cystectomy) 
IB Rectum 54.9 
(Colostomy) 
2A Rectum 53.2 
2B Fatal bowel 56.2 
2B Mild bowel 48.0 
2B Rectum $7.5 
2B Sigmoid 54.5 
(resection of affected area) 
3B Bowel 56.2 
3B Rectal 59.5 


OOOO Oaea 


distribution is satisfactory and that an adequate 
radiation dose is used. 

An examination of reported distributions suggests 
that serious morbidity is unusual below a combined 
intracavitary and external-beam radiation dose of 
54.5 Gy at Point B. There are limitations when 
combining the dose contributions from low- and high- 
dose-rate regimes but the authors feel that some 
attempt is better than none. In this series seven of 10 
cases suffering morbidity received a combined dose 
greater than 54.5 Gy to Point B. The intracavitary 
contribution was given at standard (57-83 cGy h-? at 
Point A) dose rates. In six of the 10 cases with serious 
morbidity the greater contribution to this dose at 
Point B was from four-field external-beam therapy and 
in the other four cases the gynae wedge position cannot 
be regarded as satisfactory because the dose between 
Points A and B rose steeply (Fig. 1). Recent work has 
suggested that a redesigned gynae wedge (Dean et al, 
1988) can obviate this type of problem. 

Sutton (1986) has warned against rigid geometry in 
the design of intracavitary applicators because there is 
poor conformation of the radiation sources to the local 
anatomy if there is distortion caused by the presence of 
tumour. In the design of the Newcastle applicator a 
flexible uterine tube was considered essential to avoid 
splinting of the uterus, None of the morbidity in this 
series can be attributed to the uterine tube. The 
Newcastle applicators are made in four sizes both with 
and without rectal shields and an appropriate 
applicator to fit the anatomy can normally be found 
without difficulty. 

In conclusion, the results of treatment of Stage l 
cancers of the cervix suggest that the intracavitary 
system employed in this series gives satisfactory dose 
distributions. The level of bowel and bladder complica- 
tions at doses to Point B of less than 54.5 Gy 
(combined external and intracavitary doses) is accept- 
able. If an external-beam treatment to the parametria is 
used the shielding of the central volume must be 
carefully planned. 
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This paper aims to show that the indwelling intrauterine 
tube (IUT) is safe and can abolish repeated 
anaesthetics and large doses per fraction (Joslin et al, 
1972) typical of high-dose-rate afterloading intra- 
cavitary treatment of carcinoma of the cervix. High- 
dose-rate schedules for Stage IB disease require as many 
as 12 (Liversage, 1969) to {7 (Dale, 1985) fractions for 
radiobiological equivalence with —low-dose-rate 
schedules. 

The purpose of the HUT is to act as a semi- 
permanent channel for the applicator tube of the 
afterloading unit. We use the Gammamed II with a 
single high-activity '**Ir source (Busch et al, 1977), but 
the HUT could probably be adapted for use with any 
brachytherapy machine or even manual afterloading 
systems. 

The tube (Fig. 1) is turned from nylon with a 
maximum outside diameter of 8mm measured across 
the retaining ridges. Three holes of 2 mm diameter are 
dritled through the 15 mm diameter flange. A stainless 
steel marker is press-fitted into the middle hole and the 
other two holes are for suturing the tube to the cervix 
when necessary. A central canal of suitable diameter iS 
drilled to within 2 mm of the tip and two lateral holes 
are drilled near the tip into this central canal, providing 
effective drainage, which is useful to avoid delay in 
cases of pyometra. The closed end of the tube prevents 
accidental perforation of the uterus by the applicator 
tube. Standard tubes are 50mm in length, but shorter 
or longer tubes are useful on occasion. 





12 3 4 5 6 7 8 8 10 cm 


Figure 1. The indwelling intrauterine tube (A) with applicator 
tube (B); C is a coupling and D the drive cable with the 
i mm x | mm ‘° ir source welded to the tip. 


The tube is inserted in theatre under sterile conditions 
(general or local anaesthesia). The cervix is dilated to 
8mm and the tube inserted till the flange is seated 
firmly against the cervix. If the cervical “grip” is good, 
no stitches are needed. The tube is left in utero for 4-25 
days, depending on the number of fractions to be 
delivered. 

Treatment is an outpatient procedure, because the 
HUT eliminates the need to re-dilate the cervix. The 
specific technique is a matter of preference, but we used 
the technique of Kumar to displace the bladder and the 
rectum (Fig. 2) (Kumar et al, 1977). The reference 





Figure 2. The indwelling intrauterine tube in position. 
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Table I. Fractionation schedules employed for '°7Ir and for 
226Ry 


STRANI enuan 


Nuclide Patient Fraction Dose per Total Total TDF at 
no, no. fraction time dose Point 
(cGy) (days) (cGy) A? 
wile 27 8 500 1] 4000 105 
20 1] 400 17 4400 105 
2 {2 410 18 4920  ll6 
3 16 360 25 5760  Il6 
726Ra 34 3 2340 16 7020 125 


Seemana 


“TDF values were calculated using the formulae of Orton and 
Ellis (1973) and Goitein (1976), 


isodose surface is a cylindroid 40 mm x 40 mm x 90 mm: 
rectal and bladder dose on average were < 50% of the 
dose at Point A (International Commission on 
Radiological Units and Measurements (ICRU), 1985). 

A subgroup of 86 patients with Stage IB disease was 
treated with a combination of pre-operative intra- 
cavitary radiotherapy followed by a Wertheim—Meigs 
radical hysterectomy 6 weeks later. In all these patients 
the effects of intracavitary radiation could be studied 
without the confusing effects of teletherapy. Of these, 5] 
were treated with the Gammamed II, and 34 with 
radium. The dose per fraction and total doses used were 
as shown in Table I. 

The cervix was microscopically clear of tumour in 
44/51 or 86.2% ('97Ir) and 32/34 or 94.1% (226Ra). 
The 4-year actuarial survival rates (Kaplan & Meier, 
1958) were 90.4% ('°7Ir) and 94.1% (?7°Ra). Minor 
acute reactions were seen in 3/51 (5.9%) and 2/34 
(5.8%), respectively. No serious infections or late 
complications were seen. 


In conclusion, the indwelling intrauterine tube caused 
no serious infection, eliminated multiple anaesthetics 
and made fractionated high-dose-rate remotely 
controlled intracavitary therapy a cost-effective, safe 
and easily tolerated outpatient procedure. with results 
similar to those of a comparable radium technique. The 
tube may also prove useful for low-dose-rate and 
manual afterloading techniques. 
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A source localizing technique for the microSelectron- HDR afterloading system 
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The microSelectron-HDR is a high-dose-rate remote 
afterloading system which uses a single miniature 
370 GBq (10 Ci) ‘Ir source. The source can be 
remotely afterloaded into a 1.9mm diameter catheter 
for treatment of bronchial and oesophageal carcinoma 
or into an 18-channel indexing system for high-dose 
rate interstitial implants. It can also be used with 
applicators designed to treat gynaecological disease. 
The machine has a control unit which can be 
programmed to position the source for a specified 
period of time within each applicator. The source is 
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cable driven and its position can be varied in steps of 
2.5mm. The relative position of a source configuration 
can also be altered in | mm intervals. This flexibility 
provides considerable clinical advantage over systems 
which rely on fixed source configurations. However, the 
very large number of source positions that are 
obtainable highlights the importance of carrying out 
source localization checks. 

Programmed source positions within an applicator or 
catheter should be checked regularly to confirm that 
machine function is within acceptable limits. At the 
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Figure 1. Density variation against exposure. 


very least this will be necessary after every iridium 
source replacement, which takes place every 3 months 
or $0. 

In the case of low-dose-rate afterloading systems, 
quality assurance checks on source positioning are 
usually made with film. Kodak X Omat V film is useful 
for this purpose. It has a sensitivity which allows 
convenient exposure times of a few minutes and with 
the aid of lead foil markers it is possible to identify 
precisely where sources are located inside catheters or 
applicators (Jones, 1988). By contrast, the surface dose- 
rate of the microSelectron-HDR source is too high for 
optimal film exposure. For example, the dose-rate on 
the surface of a bronchus catheter will be about 
30kGyh°' and consequently film exposure times 
become similar to the transit time of the iridium source. 

We have found self-adhesive Detex radiation- 
sensitive paper to be a very useful alternative to film for 
recording radioactive source positions. Detex paper iS 
designed to change colour when a specified dose of 
radiation is approached. Detex labels, for example, are 
used to indicate whether a product has received a 
sterihzing dose of radiation, Before exposure the paper 
is yellow in colour; under irradiation by y rays or high- 
energy electrons, hydrochloric acid ts released from the 
ink and the yellow azo dye turns red. The manu- 
facturers emphasize that the shade of red does not 
indicate the amount of irradiation and that Detex paper 
is not a dosemeter in that specific levels of radiation are 


Table I Variation of density with backscatter foil thickness for 
a constant exposure 
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Foil Uuckness (mm) Density 

9 0.56 

01 0.73 

0.2 0.73 

0.3 0.70 

0.4 0.72 
ALO 0.71 
SOSS 
70 


Technical notes 





Figure 2. Perspex test jig for checking source positions in 
catheters and needles. 


not indicated. However, the paper can be used in 
situations where the total radiation dose falls between | 
and 100kGy. The colour change is less pronounced 
below 1 kGy and above 100 kGy the colour change may 
be lost altogether. 

For a 370 GBq iridium source, the dose-rate on 
the surface of a microSelectron-HDR bronchoscope 
catheter is such that a 10 kGy exposure would be about 
1000 s. Exposures of this magnitude are inconvenient, 
especially when multiple source positions have to be 
checked. This difficulty has been overcome with the aid 
of lead foil screens. Electron emission from the foil 
increases the local dose to the Detex paper analogous to 
the way in which film screens reduce exposure dose 
requirements in radiography. Detex paper is sandwiched 
between two thin lead foils and placed in contact with 
or wrapped around the catheter or applicator being 
investigated. 

Table I shows that the back scatter is not dependent 
critically on the lead thickness. In contrast, forward 
scatter is increased by thin foil but for thicknesses 
s 0.1mm radiation absorption in the lead and the 
inverse-square-law effect result in dose-rate reductions. 
Figure | shows the exposure against density curves for 
a 230 GBq '%Ir source and illustrates the relative 
effects of front and back lead foils. Detex paper changes 
from yellow to red during exposure. The density 
measurements shown were made with a Macbeth 
reflection densitometer. A density increase of 0.3 
measured with a magenta filter is readily detectable 
visually. There are obvious advantages in using foil that 
is malleable and easily cut, and with a front and back 
foil of 0.1 mm lead, a sixfold increase in sensitivity can 
be achieved. 

Although Detex is unsuitable for dosimetry, it does 
provide a convenient and precise method of recording 
source location. We have found it to be particularly 
useful for machine commissioning measurements and 
for checking the microSelectron-HDR machine after 
source changes. It has been used for recording source 
positions in gynaecological applicators, implant needles 
and bronchus catheters. Optimal exposures are typically 
200-600 s according to the source activity and the 
diameter of the applicator. 
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The Perspex applicator jig shown in Fig. 2 has been 
designed to improve the precision of the source 
localization technique. The centre section of the device 
is removable and allows various Perspex inserts to be 
used for carrying needles, catheters or applicator tubes. 
Lead foil and strips of Detex paper (about 10 mm wide 
and as long as the active length of the configured 
source) are placed over the source carrier and an 
appropriate radiation exposure is made. 

Detex is only slightly light sensitive and although it 
should not be exposed to bright light for long periods it 
can be used unwrapped. It is produced in sheet form by 


William Sessions Ltd of York, under licence by 


the United Kingdom Atomic Energy Authority 
(UKAEA). 
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Installation requirements for an argon laser angioplasty system 
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The installation and running of an argon laser for 
angioplasty is described, together with the costs and 
safety aspects. 

We have acquired a unit for the purpose of producing 
a passage through occluded arteries, and report here the 
pre-installation work required, the safety requirements 
and initial measurements on an argon laser (Optilase 900 
supphed by Nycomed (UK) Ltd). 


Installation 

Argon lasers are similar to X-ray tubes in that they 
generate large amounts of heat for relatively small 
output powers (Carruth & McKenzie, 1986). Argon 
lasers have been used in laser-assisted angioplasty 
because they are stable and the blue/green frequency is 
absorbed well by blood. 

A good water supply and drainage system is necessary 
to cool the laser. Interlocks are provided that will turn 
off the laser if the water pressure falls, so the water 
supply should preferably not have many other users as 
this will cause pressure fluctuations. 

Most normal hospital water supplies would not be 
suitable without some modification. We have installed a 
high-pressure supply, normally taken to laboratories, 
but have still experienced changes in pressure, and a 
water pump may be necessary to ensure a good head of 
water. A simple pump could be used to maintain a flow 
of 18 litres/min at 50lb/in?. A flow-rate gauge or a 
pressure meter is also useful to check the flow. If the 
water has a high calcium or aluminium level, then 
softened water must be used. There are no water 
temperature limitations (Trimedyne, 1987). 

On the electrical side, the power supply necessary is 
similar to that used on a modern X-ray generator. The 
three-phase supply must be clean-—not connected to 


Vol. 62, No. 733 


other generators—-and capable of giving 23kVA. An 
isolation step-down transformer is required to reduce the 
three-phase 415 V to 208 V. Its size is 0.65m long by 
0.31. m wide by 0.61 m high. 

Figure | shows a typical gas laser. The laser mirror 
system is easily disturbed when the equipment is moved 
and it is preferable to use it in one room only. This also 
avoids the problem of providing multiple water supplies, 
drainage systems and transformers. The working system 
and power supply must be positioned in the X-ray room 
and space is also needed to one side for storage of the 
laser and its connections when not in use. 

The argon laser is 2.29m long by 0.56m wide and 
1.09m high, and if it is not to be left permanently 
connected to water/electrical supplies, plugs and sockets 
for connection are needed. A maximum of 2-3m of 
cabling is recommended to avoid staff tripping over 
cables during use. Figure 2 shows the laser in position in 


Table I. Installation costs of the argon laser 





£ 
Water: pipes, connectors, meters and labour 200 
Electrical supply: step-down transformer 1200 
installation and connectors 1600 
Safety goggles (two pairs for visitors) 360 
Safety signs on two doors Ei 
Other warning signs {water pressure, 
shutter in/out, etc.) 45 
Total 3440 





These costs are for in-house (Works Department) labour. If 
outside contractors are used, the costs may be higher. 
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Figure 1. Diagram of a gas laser. 


the angiography room. The costs of installation are 
shown in Table L 


Setting up 
Gases 

Nitrogen gas is used to keep the optical system dust- 
free. A small cylinder of oxygen-free nitrogen, using a 
flow rate of 0.1 litre/min, lasts about 50h. Argon gas is 
used very slowly. A reservoir cylinder is plumbed 
permanently into the laser and a small amount of gas is 
taken from this every 3-6 months. 


Frequency of checking; calibration 

The laser needs to be run up weekly to keep the output 
to its normal level and to check the output power. The 
time needed for this is 1h in total. The laser system 1s 


Figure 2. Argon laser system in position in the angiography 
room, Water supply with cables leading to the laser (—> ) and 
step-down transformer leading to the laser power supply (=>). 
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cleaned and calibrated fortnightly and a manufacturer's 
service representative carries out a full calibration and 
safety check every 3 months. 


Probes 

The 2mm Laserprobe (Trimedyne Inc.) is suitable for 
single use only, since coagulation occurs on the tip 
during use. It consists of a metal probe tip with a metal 
wire attached to this to enable the tip to be removed if it 
becomes detached. There is also a catheter “torque” wire 
and 4m of Teflon-coated glass optical fibre. At the end 
of the fibre is a screw connector (Fig. 3). 

Probes are supplied unsterilized coiled inside a plastic 
tube inside a sealed bag. Before use, the probe is 
sterilized by placing it inside the plastic tube container in 
a tray of sterilizing solution such as Cidex for 24h. The 
probe remains in the tray until required for angioplasty. 
At that time, it is uncoiled from its tubing and cleansed 
of the sterilizing solution with saline. The proximal end is 
coupled to the laser and the distal end (metal tip) passed 
into the artery via an 8 F introducer. 


Table I]. Running costs of the argon laser (cost per case) 


SaS 
£ 


Oxygen-free nitrogen gas (£8 per 50 h) 


(includes monthly cylinder rental charge) 0.32 
Metal-tipped fibre-optic probes 300.00 
Water costs at 2.6 m? /case (costs are 25p/m* 

for water and 37p/m? for sewerage) 1.67 


Electricity costs: 23 kVA, time 2 h 
(4.5p/unit) 2.07 
Maintenance contract (£6400 per annum 


with an average of 50 patients/year) 128.00 
Total cost per case 432.06 
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Technical notes 


Optical fibre 


Rubber sleeve 


SMA Connector 
Figure 3. Diagram of the probe. 


Maintenance 

The potential purchaser should consider who will 
maintain the laser. The laser uses high voltages and high 
levels of ultraviolet radiation and experienced staff are 
needed, with both electrical and laser knowledge 
(Institute of Physical Sciences in Medicine (IPSM), 
1987). Training can be provided by the manufacturer for 
local maintenance engineers. Most laser manufacturers 
will give first-line training to hospital staff to avoid 
service engineers having to attend to minor problems. 


Safety aspects 

The laser has an output of 12 W which makes it a Class 
IV laser and, therefore, it can only be used in a laser 
controlled area (BSI, 1983; DHSS, 1985). 

A local Laser Protection Advisor should give advice in 
the same way as the Radiation Protection Advisor and 
local rules must be established. These rules must indicate 
the following. 


(1) The boundaries of the controlled area. 

(2) Control of access to the area. 

(3) Who are the authorized users and maintenance staff. 
(4) Who is the laser protection supervisor. 

(5) Safety precautions to be employed. 


In addition, doors must have warning notices and access 
must be restricted during use, Personnel closer than 2 m 
to the fibre or open laser should wear laser safety 
goggles, two pairs being provided with the equipment. 
The final aspect of safety is operator training. There is 
obviously a requirement for all users to be familiar with 
the laser operating procedures. In addition, however, the 
users should be taught about hazard control, use of 
personal protection equipment and accident reporting 
procedures. 


Measurements 
Beam divergence 

As part of the initial acceptance tests, the physics staff 
measured the angle of divergence of the laser beam. This 
gives an indication of the spread of the beam as it leaves 
the open fibre. In normal practice the laser beam is 
totally contained in the fibre-optic to the patient. 
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Nevertheless, the chance of a broken fibre was 
considered as a remote possibility. Using the test fibre, 
the beam measured 50 mm in diameter at a distance of 
300mm from the end of the fibre. The resulting beam 
divergence of 9.5° has been used to calculate safe 
distances from a broken fibre (McKenzie, 1985). There is 
a considerable risk of damage to the eye at 15cm from a 
break and a slight risk at 1.5 m. 


Output power/heating effect 

The argon laser described here is capable of giving 
17 W output power. In contrast, the fibre-optic and 
metal probe have a design limit of 12 W. The output 
power has been measured before entering the fibre-optic 
and also at the end of a test fibre and it was found that 
there may be up to 2 W of loss in the coupling to the fibre 
and in the fibre itself. Areas of high loss show up as 
bright/hot spots on the fibre, and the coupling to the 
laser is a weak point at which breakage occurs. 

It is necessary to check that adequate tip heating is 
present before inserting the probe into the patient. The 
probe tip is put into sterile water and, once activated, the 
laser should be able to boil the water around the tip 
within 30s. Failure to do so indicates a faulty probe or 
coupling. The probe must only be energized when in 
contact with water or tissue to prevent damage. 
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Case reports 


Van Buchem’s disease with classical radiological features and appearances on 


cranial computed tomography 


By *J. V. Cook, MRCP, FRCR, P. D. Phelps, MD, FRCS, FRCR and J. Chandy, FRCR 


Department of Radiology, Walsgrave Hospital, Coventry 


{Received May 1988 and in revised form June 1988) 


Van Buchem’'s disease is a rare hereditary sclerosing 
dysplasia of bone which was first described by van 
Buchem, Hadders and Ubbens in the Netherlands in 
1955. Their original description was of an autosomal 
recessive disease which particularly affects the skull, 
mandible and long bones, the characteristic feature of 
the fatter being the endosteal deposition of bone, 
particularly in the diaphyses. 

We present a patient who has the classical recessive 
form of the disease and has developed auditory and vis- 
ual symptoms due to encroachment on cranial foramina 
by hyperostotic bone. The appearances on computed 
tomography (CT) are described, 


Case report 

This patient had an unusual appearance at birth. Her birth 
weight was below the 10th centile for her gestational age and 
she was noted to have a prominent forehead, a long anteverted 
upper lip and coarse wrinkling of the skin. She was born of 
unrelated parents after a full-term, normal delivery and preg- 
nancy and there was no family history of any congenital dis- 
Cases, 
Growth and development progressed normally but a year 
iater she developed a mild chest infection during which she had 
a chest radiograph which showed sclerosis of the clavicles, ribs 
and spines of the scapulae. A diagnosis of a sclerosing bone 
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dysplasia was made and a later skeletal survey showed classical 
features of van Buchem’s disease (Figs 1,2, 3). Aled investiga- 
tions were normal apart from a raised alkaline phosphatase of 
820 Lu. She had a normal female karyotype. 

At the age of 1] years, although there was minimal clinical 
auditory impairment, it was considered prudent to radiograph 
her petrous bones to assess any narrowing of the auditory canals 
with a view to instituting some preventive measures. 

Coronal and lateral tomograms of the internal auditory meati 
accompanied by axial CT scans were performed (Fig. 4). All 
the bones of the base of the skull were found to be sclerotic 
with dense bone from the petrous pyramids causing severe 
encroachment upon the internal auditory meati (maximum dia- 
meter | mm) and narrowing of the foramina ovale. Surpris- 
ingly her hearing has remained within normal limits despite the 
severity of the radiological findings. 

Recently the patient has reported some visual disturbances 
but no definite field defect. Plain radiographs again demon- 
strated some narrowing of the optic foramina (Fig. 5) but in 
view of her minimal symptoms, any surgical measures have as 
yet been considered inappropriate. 


Discussion 

Van Buchem and his colleagues first described this 
condition as “hyperostosio corticalis generalisata famil- 
aris” in 1955, following the discovery of a peculiar sel- 
erosing disease of the skeleton in a pair of twins, which 
did not fit into any particular category of the known 
bone dysplasias. Fosmoe gave the eponym of van Buch- 
em’s disease in his case report in 1968 and under- 


Figure 1. Antero-posterior view 
of the humerus showing classi- 
cal endosteal deposition of 
bone in the diaphysis. 
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Figure 2. Antero-posterior view of the pelvis and upper femora 
demonstrating the dense endosteal sclerosis in the diaphyses ol 
the femora, ischia, pubic arches and in the thac bones adjacent 
to the acetabula. 


standably this is often used. Van Buchem added five 
further cases to the literature in 1962 and eight patients 
from the same family were described by him in 1971. 

Additional cases have been described in the literature 
In various parts of the world and an increased incidence 
of rare bone dysplasias in the Afrikaner population of 
South Africa has been noted. The preponderance of the 
condition in people of Dutch origin is postulated to be 
the result of a plague in the Urk area of the Netherlands 
in 1637 where only 15% of the population survived and 
endogamous marriages were subsequently common 
(Jacobs, 1977). Our patient ts not known to have any 
Dutch relations. 

Van Buchem’s original cases had an autosomal recess 
ive inheritance, but autosomal dominant forms with 
endosteal hyperostosis have been reported. (Worth & 
Wollin, 1966; Owen, 1976; Gelman, 1977). The 1977 
version of the Paris nomenclature on bone dysplasias 
described van Buchem’s disease and sclerosteosis as sep- 
arate entities but recent reports suggest that they may 
be phenotypic variants of the same condition (Beighton 
etal, 1984), 
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Figure 3. Antero-posterior 
view of the spine showing 
sclerosis particularly affect 
ing the pedicles and 
posterior elements The 
endosteal 
bone 1s also noted in the 
ribs and clavicies 


deposition ol 


Our own case does not have the nail dysplasia or syn- 
dactyly which occur in 70-80% of cases with sclero 
steosis and have not been documented in van Buchem’s 
disease (Beighton et al, 1976). The classical radiological 
features of the disease are in the long bones and the 
tubular bones of the hands and feet where symmetrical 
cortical thickening and increased bone density occurs 
lhis particularly affects the diaphyseal endosteum caus- 
ing encroachment on the medullary canal. Our patient 
demonstrates these features particularly well (Figs |, 2) 

The posterior elements of the spine are more fre 
quently involved than the vertebral bodies themselves 
When the latter are affected. the density usually affects 
the central third of the vertebral body rather than the 
endplates (Fig. 3), in contrast to osteopetrosis. Dis- 
tinguishing features from Osteopetrosis include a raised 
alkaline phosphatase and absence of bone fragility 

Phe condition may be first detected in childhood, the 
typical features being ocular hypertelorism, mid-tacial 
hypoplasia and prognathism. The latter usually becomes 


I narrowing of the int 





at puberty | 


nd all features progress with age 


tients present later with facial nerve palsies, 


headaches due to raised intracranial 
HiT nearing [Oss 1 usually mixed conductive 
orineural which commences about puberty. 


adiographs may be sufficient to show the degree 


minal encroachment but CT is useful in providing 


plete demonstration of the anatomy. The 
ices on CT include bony sclerosis of the petrous 


loss of pneumatization ol the mastoids and 


TT) 


rnal auditory meati invols 


spect first. The cochlear nerve and ves- 
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(b) 


Figure 4. (a) CT scan of the internal auditory meati showing 
the marked encroachment on the auditory canal (arrowed) 
The ve and lateral semicircular canal are 

(b) CT scan demonstrating narrowing of the foramen ovak 
cochlea, showing no 


stibule unaffected 


(arrowed). (c) CT scan demonstrating the 
visible encroachment of bone (arrowed) 


sels are constricted in the narrowed internal auditor) 
meatus and this is probably the cause of the senson 
neural deafness. The conductive deafness is due to thick- 
ening and fusion of the ossicles, whose movement ts also 
restricted by new bone formation in the surrounding 
epitympanic space 
The cranial foramina of the base of the skull are nat 

rowed and although the actual measurements have a 
wide normal variation, the surrounding sclerosis ts easily 
demonstrated and correlates with the clinical impair 

ment. The foramen ovale is first affected, As in this case 

radiology rarely shows changes in the cochlea, vestibule 
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Figure 5. Optic foramen view showing the sclerosis around this 
foramen (arrowed) 


or semicircular canals although the aqueducts may be 
narrowed. This was also noted in three cases of sclero- 
steosis reported by Hill et al (1986). 

Exophthalmos is not unusual and may be associated 
with encroachment on the optic foramina causing early 
papilloedema followed by optic atrophy and visual field 
defects. 

Cranial surgery may be debilitating and surgery on 
the ear can have high morbidity. Surgery is therefore 
usually reserved, as in craniectomy, for raised intra- 
cranial pressure or decompression of the optic canals 
when vision is threatened. 

Because of its classical radiological features. the radi- 
ologist is often the first to make the diagnosis of van 
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Buchem’s disease. It is a chronic and incurable condition 
which may have considerable morbidity from cranial 
nerve encroachment and raised intracranial pressure. 

Plain radiographs may show the degree of foramina! 
encroachment sufficiently but CT also plays a useful role 
in providing a more complete demonstration of the anat- 
omy. However, investigation of these patients should be 
limited to those in which neurosurgical intervention is 
contemplated. The radiological features often appear 
far more severe than the clinical situation would suggest, 
and a careful clinical follow up is mandatory. 


Acknowledgments 
We would like to thank Mrs Pat Vecchi for her help with the 
preparation of the manuscript. 


References 

Beicuron, P., BARNARD, A.. HAmersMA, M. & Van Der 
Woupen, A., 1984. The syndromic status of sclereostosis 
and van Buchem’s disease. Clinical Genetics, 25, 175-181 

Bricuron, P.. Cremin, B. J. & Hamersma. H.. 1976. The radi- 
ology of sclereostosis. British Jounal of Radiology, 49, 
934-940). 

Fosmor, R. J.. Horm, R. S. & Roscoe, C. M.. 1968. Van 
Buchem’s disease (hyperostosis corticalis generalisata fam- 
iliaris), A case report. Radiology, 90. 771-774 

Ge_mMan, M. 1.. 1977. Autosomal dominant osteosclerosis. 
Radiology, 125, 289-296 

Hint. S: C.. Stein, S. A.. DWYER., A.. ALTMAN, J.. DORWART, 
R. & Doppman, J., 1986. Cranial CT findings in sclerosteosis. 
American Journal of Neuroradiology, 7, 505-51 1 

Jacoss, P., 1977. Van Buchem’s disease. Postgraduate Medical 
Journal, 53, 497-505. 

Owen, R. H., 1976. Van Buchem’s disease (hyperostosis cort- 
icalis generalisata). British Journal of Radiology, 49, 
126-132, 

Van Bucuem, F. S. P., 1971. Hyperostosis corticalis generalis- 
ata. Eight new cases. Acta Medica Scandinavica, 189, 
257-267 

Van Bucuem, F. S. P., Happers. H. N.. Hanpsen, J. F. & 
WorprING. M. G., 1962. Hyperostosis corticalis generalis- 
ata, American Journal of Medicine, 33, 387-397 

VAN Bucuem, F. S. P., Happers, H. N. & Unpens. R., 1955 
An uncommon familial systemic disease of the skeleton. Acta 
Radiologica, 44, 109-119 

Wort, H. M. & Worn. D. G.. 1966. Hyperostosis corticalis 
generalisata. Journal of the Canadian Association of Radiol- 
ogists. 17, 67. 


(9X9 


The British Journal of Radiology, 62, 718-79 


Case reports 


Anomalous superior vena cava causing non-visualization of the lungs in 


perfusion scintigraphy 
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*°Te™-labelled macro-aggregated albumin (MAA) is the 
most commonly used agent for lung perfusion imaging. 
In normal circumstances following intravenous injec- 
tion, almost all of the MAA, after passage through the 
right heart, is trapped in the pulmonary capillaries. We 
present a case in which the lungs were not visualized 
following left antecubital vein injection of °*’Tc"-MAA 
because of anomalous venous drainage from this side 
into the left atrium via a persistent left superior vena 
cava (SVC) 


(ase report 

\ 44-year-old, previously fit man presented with a 3-day 
history of right-sided, pleuritic type chest pain and dyspnoea 
Physical examination revealed no evidence of finger clubbing 
or cyanosis but there were signs which suggested the presence 
of a right-sided pleural effusion. A blood count showed a 
normal haemoglobin level but a raised white cell count with 
neutrophilia. Chest radiography confirmed the presence of a 
pleural effusion but, even in retrospect, was 
therwise unremarkable. Pulmonary embolism was suspected 
and intravenous heparin therapy was commenced and a 
perfusion lung scan requested 

Following our standard technique, a left antecubital vein 
was selected and, using a butterfly needle and normal saline, 


migni sided 





Figure 1. First-pass study following left arm injection of *”Te™- 
MAA (anterior projection) 


70 MBq of °’Tc"-MAA was administered. When imaging was 
commenced shortly afterwards the lungs were not visualized 
although activity was seen to be present in the kidneys. The 
immediate reaction was that a radiopharmaceutical other than 
that intended (e.g. °°Tc"-DTPA or some other renal agent) 
had been administered, despite the fact that the dispensing and 
checking procedures in the radiopharmacy based in the 
Medical Physics Department in Cardiff indicated that this was 
unlikely. During a repeat perfusion study performed 3 days 
later the gamma camera was placed in an anterior position 
over the patient's chest and data were acquired at a rate of | 
frame/s for the first 60 s following injection, This study showed 
that the whole injection passed directly into the left side of the 
heart and immediately into the aorta (Fig. 1). 

Nothing in the patient's history suggested any vascular 
abnormality but it was suspected that the findings were the 
result of anomalous drainage of a persistent left SVC into the 
left atrium. Subsequently, a perfusion lung scan was performed 
successfully following a right antecubital vein injection. Data 
were acquired dynamically for the first minute following 
injection and on this occasion showed normal passage of tracer 
into the right heart followed by a norma! lung perfusion phase. 
The static images obtained indicated a low probability of 
pulmonary embolism and the final diagnosis was of post- 
pneumonic empyema 

It was felt that, under the circumstances, further investiga- 
tions were not warranted and the patient was discharged from 
hospital 


Discussion 

Persistent left SVC is a fairly frequent anomaly. Its 
incidence in the normal population has been estimated 
at 0.5% (Steinberg et al, 1953). In patients with 
congenital heart disease, the incidence is much higher 
and some authors suggest that it may be of the order of 
10% (Sipila et al, 1955; Buirski et al, 1986). Various 
different classifications of SVC anomalies have been 
proposed, based on embryological, anatomical, physio- 
logical or angiographic features (Winter, 1954; Gensini 
et al, 1959; Fraser et al, 1961; Buirski et al, 1986). 

The persistent left SVC usually drains via the 
coronary sinus into the right atrium. In such 
circumstances, echocardiography will clearly demon- 
strate enlargement of the coronary sinus in the 
parasternal, long axis plane (Huhta et al, 1982). A left 
SVC is usually of low radiographic density and ts often 
not demonstrated on a conventional frontal chest 
radiograph 

In a recent large series of patients with congenital 
heart disease (Buirski et al, 1986), persistent left SVC 
was especially frequent in association with atrio- 
ventricular septal defects, double outlet mght ventricle 
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and situs abnormalities, but was rarely found in 
association with transposition of the great arteries. In 
the same series, 7% of left SVC drained into the left 
atrium. This compared with a previously reported 
incidence of 4% (Winter, 1954). Under these circum- 
stances there will be systemic arterial desaturation to 
some degree. It is especially important to recognize the 
presence of SVC anomalies in patients with congenital 
heart disease (De Leval et al, 1975). 

The case which we have presented is particularly 
interesting as the patient had been quite well until 
shortly before admission and there was nothing in his 
history to suggest any venous or cardiac anomaly. 
Although uncommon, drainage of a persistent left SVC 
into the left atrium should be considered when the lungs 
are not visualized following intravenous injection of 
*°Tco™-MAA. 
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Leiomyomas of the stomach with detectable calcifi- 
cation on plain radiographs are very uncommon, with 
only a few cases reported in the world literature (Garba- 
rini & Price, 1950; Kolosky et al, 1950; Leigh, 1950; 
Steen & Newell, 1953; Crummy & Juhl, 1962; Graham 
et al, 1972; Kojima et al, 1981). We report a case of 
ossified leiomyoma of the stomach seen on computed 
tomography (CT) as well as plain radiography. 


Case report 

A 62-year-old white woman with a history of basal cell carci- 
noma of the face and melanoma of the right arm underwent a 
routine follow-up CT scan of the abdomen as an outpatient, 
The CT scan showed a 2.5 em, densely calcified lesion near the 
splenic hilum (Fig. 1) and the possibility of a calcified splenic 
artery aneurysm was raised. An angiogram showed no aneurys- 
mal filling but the scout radiograph for the angiogram showed 
an Ossified lesion in the left upper quadrant, corresponding to 
the lesion seen on CT (Fig. 2). Laparotomy revealed a normal 
spleen and normal splenic vasculature. There was a calcified 
mass on the highest aspect of the greater curvature of the 
stomach, thought to be restricted to the subserosal area and 
the lesion was resected. The pathological diagnosis was ossified 
leiomyoma (Fig. 3) and the post-operative course was unre- 
markable. 


Discussion 
Gastric leiomyoma is the most common extramucosal 
tumour of the stomach. It is histologically identical to 
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the more common uterine leiomyoma, consisting of col- 
lagenous stroma, hyaline changes and calcification. 
Gross calcification is often seen on plain radiographs 
of uterine leiomyoma but rarely in gastric leiomyoma. 
Calcification is probably dystrophic in nature owing to 





Figure 1. A CT scan of the upper abdomen showing a densely 
calcified lesion between the stomach and spleen (arrow) 
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Figure 2. Scout radiograph for the angiogram showing an ossi- 
fied lesion in the left upper quadrant (arrow) and splenic artery 
calcification (arrowhead) 


cytoplasmic degeneration, liquefaction or haemor- 
rhage 

An important entity to be distinguished from a cal- 
cified leiomyoma is a mucinous adenocarcinoma of the 
stomach. Rotondo et al (1986) discussed the differen- 
tiation of these lesions by virtue of their pattern of calci- 
fication. Mucinous adenocarcinomas have a fine, 
punctate or miliary pattern of calcification, whereas that 
in leiomyomas is usually more dense and patchy. In our 
case it was particularly dense, probably because the 
lesion actually contained ossification. Distinction 
between these lesions can also be made on barium exam- 
ination, carcinoma being mucosal in location, letomy- 
oma being extramucosal, 

Our case is unusual in that the leiomyoma contained 
not merely calcification, but frank ossification through- 
out. In addition, all previous case reports of calcified 
leiomyomata were in patients having only plain radi- 
ography, whereas this lesion was seen initially on CT. 
With the current widespread use of CT, it seems likely 
that we will encounter more leiomyomas of the stomach 
in which there are only small amounts of calcification. 
Densely calcified or ossified lesions seen on plain radio- 
graphs will presumably remain a rare occurrence. Rec- 
ognition of this lesion on plain radiography or CT ts 
important, however, because the radiologist can suggest 
gastric leiomyoma as the most likely diagnosis. 
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Figure 3. (a) Pathological specimen (low power, x 18) 
Leiomyoma of the stomach reveals the classic pattern of 
interlacing bundles and fascicles of well differentiated smooth 
muscle cells. (b) This illustrates frank ossification in the central 
part of the leiomyoma. Bone spicule (arrowhead). 
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Primary extranodal lymphoma in muscle 
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Lymphomas can develop in any location where there is 
lymphomatous tissue, but extranodal presentation in the 
lower limb is unusual; involvement of skeletal muscle is 
also considered to be rare. Rosenberg etal (1961) 
reviewed 1269 cases of “lymphosarcoma” and none 
with muscle involvement was described. Significant 
involvement of skeletal muscle was noted in only 1.4% 


of 2147 cases of lymphoma reviewed in the Annual of 


Pathologic Autopsy Cases in Japan from 1976 to 1978 
(Komatsuda et al, 1981). In a series of 97 patients who 
underwent computed tomography (CT) for lymphoma 
Staging, in only five cases was significant muscle 
involvement noted (Pilepich & Carter, 1980). However, 
with improved imaging techniques, muscle involvement 
is beginning to be recognized, especially in the patient 
with established lymphoma. The site of muscular 
involvement in these rare cases is usually the thigh, 
although infiltration of the pectoral muscles has been 
reported in a case of diffuse disease (Komatsuda et al. 
1981). Muscle involvement as the presenting feature of 
lymphoma is extremely rare. 


Case report 

A 51-year-old woman was referred to the orthopaedic clinic 
with a 3-week history of low back pain and left-sided sciatica. 
A disc prolapse was the initial clinical diagnosis but a lumbar 
radiculogram was normal. While in hospital, the patient 
experienced increasing pain and further examination revealed 
swelling of the left buttock and thigh. Ultrasound confirmed 
the presence of a buttock mass of mixed echogenicity and 
angiography revealed stretched and distorted gluteal and 
circumflex arteries but no pathological circulation. Computed 
tomography defined a large, slightly enhancing mass in the 
buttock and thigh (Fig. 1). Biopsy and histological examina- 
tion revealed a B-cell non-Hodgkin's lymphoma. Cytotoxic 
chemotherapy rapidly reduced the tumour bulk and the patient 
was discharged home, pain free. 


Discussion 

The patient described presented with a diffuse mass in 
the buttock and thigh due to lymphomatous involve- 
ment of skeletal muscle. The symptoms initially 
Suggested a root lesion secondary to a lumbar disc 
prolapse but clearly the pain was likely to have 
originated from direct pressure on or invasion of the 
sciatic nerve. 

Presentation by lymphoma as a muscle mass has been 
reported in two cases by Kandel et al (1984), in a 
further two cases by Spector and Zimbler (1986) and in 
one of the three cases of muscle involvement described 
by Grem et al (1985). In all of the above, the thigh was 
the primary site of involvement. 

In cases of localized swelling of the lower limb in 
which causes of generalized limb swelling have been 
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Figure 1. Enhanced CT scan showing the gluteal mass adjacent 
to the iliac blade with invasion through the sciatic notch into 
the pelvis. The tumour extends to the level of the distal femur 


excluded, CT is useful in defining the extent of the 
lesion and in determining the presence or otherwise of 
bone destruction and marrow involvement. Computed 
tomography may also be used in biopsy procedures, 
although in our case ultrasound guidance proved 
satisfactory. The presentation of lymphoma as muscle 
infiltration was accompanied by abnormalities on CT of 
the adjacent long bone in two out of the four cases 
reported in the literature (Grem et al, 1985; Kandel et al, 
1985; Spector & Zimbler, 1986). In the case reported 
here, no such involvement was noted. 

This report further supports the view stated by 
Spector and Zimbler (1986) that lymphoma should be 
included in the differential diagnosis of diffuse skeletal 
muscle enlargement in the lower limb. 
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Polyorchidism diagnosed by ultrasound 
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Polyorchidism is a rare condition of uncertain 
embryological origin. It is most often diagnosed as an 
incidental finding in young males undergoing repair of 
an inguinal hernia (Sujka et al, 1987) 

We report a case presenting as an intermittently 
painful scrotal swelling which was diagnosed pre- 
operatively by ultrasound. Although the ultrasound 
findings in polyorchidism have been described pre- 
operatively twice before (Rifkin et al, 1983; Goldberg 
et al, 1987), to our knowledge this is the first such 
report from Britain 


(Case report 

A 2\-vear-old man presented with a history of intermittent 
pain in the left testicle for | year. Examination revealed what 
was thought to be a swelling below the left testis and the 
patient was referred for ultrasound examination. 

At ultrasound, two discrete structures of normal testicular 
echogenicity were identified in the left hemiscrotum. The upper 
was the larger of the two, although both appeared smaller than 
the single right testicle. There appeared to be an epididymis in 
relation to both structures which were diagnosed as testes. 

Surgical exploration showed that the two left testicles were 
contained within a single tunica, sharing a common, clongated 
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Figure 1. 
demonstrating the two left testicles. A trace of peritesticular 


fluid is present 


QI 


Longitudinal scan through the left hemiscrotum 


epididymis and a single vas deferens. It was felt that the upper 
testis was readily capable of undergoing torsion because of its 
narrow mesorchium and all three testicles were fixed. Biopsies 
of both the testicles on the left showed normal 
spermatogenesis 


Discussion 

Less than 60 cases of polyorchidism have been 
described in the world literature (Nacey & Urquhart 
Hay, 1987). The anomaly is thought to result from 
either duplication or abnormal division of the genital 
ridge and usually results in two testes sharing a 
common epididymis and vas deferens. Complete duplica- 
tion including epididymes and vasa occurs in less than 
10% of cases (Al Hibbal & Izzidien, 1984). To our 
knowledge, there have been no reports of more than 
one supernumerary testicle and the majority occur on 
the left. 

A previous report (Goldberg et al, 1987) suggests that 
when the ultrasound diagnosis is not in doubt, 
exploration of the scrotum need not be undertaken. 
This course of inaction must be considered against the 


background of the known associations of poly- 
orchidism including torsion, hydrocele, varicocele, 
malignancy and epididymitis, together with the 


markedly increased incidence of incomplete descent and 
inguinal hernia (Nacey & Urquhart Hay, 1987). In this 
case the presence of pain, probably resulting from 
subacute torsion of the upper testicle, made exploration 
mandatory. 





Figure 2. The right testicle is illustrated for companson, 
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Malignant tumours of the kidney are uncommon, renal 
cell carcinoma, the adult variety, accounting for 2% of 
all adult malignancies, whilst nephroblastoma, an 
enbryonic tumour of childhood, affects one per 200 000 
children per year under the age of 15 years and 
constitutes 7% of childhood neoplasms (Bullimore & 
Mott, 1982). Both of these tumours occur in sporadic 
and hereditary forms. We report a family in which the 
mother had renal cell carcinoma and her son 
nephroblastoma. This has only been reported once 
before (Campbell et al, 1987). 


Case reports 
Case l 

In January 1975, a previously healthy 4-year-old boy 
presented with right-sided abdominal swelling. He had one 
healthy brother aged 9 months. Family history was otherwise 
unremarkable. Physical examination revealed a large 
abdominal mass. No other abnormalities were detected. In 
particular, there was no aniridia, hemi-hypertrophy or mental 
retardation. An intravenous urogram showed a horseshoe 
kidney with a mass occupying the right portion. A chest 
radiograph demonstrated metastatic nodules within the left 
lung which were confirmed by tomography, Haematological 
tests were normal, as was urine analysis. 

At laparotomy, a massive tumour involving the right 
element of the horseshoe kidney was found. There was 
nodal spread which was compressing the inferior vena cava. 
The tumour and involved nodes, the whole of the right kidney 
and the bridge of the horseshoe were removed. Histology of 
the tumour was nephroblastoma. The patient was entered into 
the Medical Research Council (MRC) trial for nephro- 
blastoma and received peri- and post-operative chemotherapy 
using actinomycin D, adriamycin and vincristine, as well as 
abdominal and pulmonary irradiation. A complete remission 
was achieved at the end of treatment. The patient remains 
disease-free 11 years later, but his weight and height are on the 
lOth percentile, having been on the 90th percentile at 
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diagnosis. Chromosomal analysis was not carried out on the 
tumour specimen, nor were constitutional chromosomes 
evaluated. 


Case 2 

In April 1986, the mother of Case | presented with malaise 
and weight loss. She had a past history of Hashimoto's 
thyroiditis. Physical examination was unremarkable. In 
particular, the patient had no evidence of Von Hippel-Lindau 
syndrome and no accessory nipples. Her chest radiograph, 
haematological tests and urine analysis were all normal. 
Abdominal! ultrasound and computed tomography (CT) of the 
abdomen showed a solid mass in the right kidney. At 
laparotomy a 5cm tumour occupying the upper pole of the 
right kidney was found. A nephrectomy was performed. The 
tumour was a renal cell carcinoma of adeno-papillary 
structure. There was no evidence of capsular penetration and 
no invasion of the right renal vein or adjacent lymph nodes. 
Three months following surgery, the patient developed bony 
and cranial metastases which were treated by palliative 
radiotherapy. She eventually died from her disease 15 months 
after diagnosis. Chromosome analysis was not carried out. 


Discussion 

The malignant transformation of previously normal 
cells is thought to occur by a combination of genetic 
susceptibility and environmental exposure. Knudson 
has claimed that predisposition to almost every form of 
human cancer exists in both heritable and non-heritable 
forms (Knudson et al, 1973). Genetic predisposition is 
highest in retinoblastoma in which 40% of cases are 
inherited as an autosomal dominant trait. However, no 
clear familial pattern has emerged for most common 
solid tumours. Genetic factors have been implicated in 
the aetiology of both renal cell carcinoma and 
nephroblastoma. Urogenital neoplasms attributed to 
primary genetic factors occur more frequently in people 
with congenital genito-urinary anomalies, suggesting a 
link between teratogenesis and carcinogenesis. They 
tend to have an earher age of onset, to be more 
frequently bilateral and more frequently multifocal than 
the same histological type of tumour of sporadic form. 
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They have a higher incidence in families who have 
multiple primary cancers at varying anatomical sites 
(Lynch & Walzat, 1980). 

The aetiology of renal cell carcinoma is still 
essentially unknown. Its incidence varies worldwide, 
being highest in Denmark where it affects 7 per 
100 000/year of the population van der Werf-Messing 
& Schroeder, 1982). It is usually of the non-hereditary 
variety and occurs more commonly in men. Coke-oven 
workers and machinists have a higher than average 
incidence and other noted associations include tobacco 
smoking, coffee and a high consumption of animal 
protein. 

The much rarer forms of hereditary renal cell 
carcinoma may result from several genetic mechanisms. 
Von Hippel-Lindau syndrome, an autosomal dominant 
disorder, may give rise to a multiplicity of neoplastic 
and cystic lesions at varying sites. There is a 10-25% 
incidence of renal cell carcinoma in this disorder which 
is commonly bilateral and multifocal and may occur in 
the walls of renal cysts (Lee et al, 1977). 

Less common than this single gene trait is the 
association of renal cell carcinoma with a specific 
constitutional. balanced translocation between chromo- 
somes 3 and 8. Cohen described a three-generation 
Italian American family in whom 10 members 
developed the tumour (Cohen et al, 1979; Campbell et 
al, 1987). The chromosomal defect was present in all 
five living members of the family with the tumour and 
at least three of the five deceased members. No other 
hereditary or environmental factor was identified. No 
family member with a normal karyotype developed the 
tumour. The inheritance was thought to be autosomal 
dominant and the estimated probability of developing 
this form of cancer in this family was 0.87 with a 
greater than 50% chance of it being bilateral. In 
comparison, the incidence of non-inherited renal cell 
carcinoma in the USA is | per 1000 and only 1-2% are 
bilateral. Of interest, by screening, three asymptomatic 
family members were found to have the tumour. Other 
families with a high incidence of the tumour have been 
reported (Lynch & Walzat, 1980). Finally, an associa- 
tion between renal cell carcinoma and accessory nipples 
has been described which is thought to be of 
multifactorial origin (Goedert et al, 1981). 

Unlike renal cell carcinoma, nephroblastoma has a 
constant incidence worldwide and an equal sex 
incidence. It occurs in sporadic forms 50 times more 
commonly than the familial variety (Lynch & Walzat, 
1980). No specific environmental factors have been 
implicated but associated phenotypic features include 
hemi-hypertrophy, hamartomas, pigmented naevi, renal 
anomalies and skeletal malformations. 

Familial nephroblastoma is associated with a specific 
gene deletion at the p13 locus (Anderson et al, 1978). 
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The tumour occurs in children who have sporadic 
aniridia in association with mental retardation. All of 
these children carry the gene deletion and one in three 
will subsequently develop the tumour. The mode of 
inheritance is thought to be autosomal dominant with a 
gene penetrance rate of 63%. Other chromosomal 
anomalies found in association with nephroblastoma 
include trisomy 8 and 18 and XX/XY mosaicism 
(Souham & Tobias, 1986). 

Kidney tumours arise in both adults and children by 
a combination of environmental and genetic 
mechanisms. Those tumours which are inherited are 
rarer and usually found in association with specific 
syndromes or genetic abnormalities. In the family 
described, it is likely that both tumours were sporadic 
and occurred in the same family by chance. However, it 
may be that chromosomal analysis would have shown 
an abnormality in the mother and child and that a 
mixture of environmental and hereditary factors 
contributed to the development of their tumours. 
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A 62-year-old woman presented with a 3-month history of 


two large abdominal swellings. There were no associated 


gastrointestinal or urinary symptoms and no history of 


previous abdominal surgery. On clinical examination, 


+ Author for correspondence 


two 10cm diameter, firm, mobile and non-tender masses 
were present in the left side of the abdomen. They were 
thought clinically to be arising within the abdominal 
wall. Clinical examination was otherwise unremarkable 
A supine abdominal radiograph (Fig. |) was taken. 
Subsequently, a double-contrast brarium enema was 
performed (Fig. 2). What is the most likely diagnosis? 





Figure 1. Supine abdominal radiograph. 
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Figure 2. Double-contrast barium enema. 


The plain abdominal radiograph shows two well cir- 
cumscribed, oval, air-containing collections in the left 
side of the abdomen. The bowel gas pattern is otherwise 
unremarkable. The barium enema shows the sigmoid 
colon stretched around the two air-filled structures which 
do not fill with barium. There is evidence of diverticular 
disease in the adjacent sigmoid colon. 

The patient underwent laparotomy at which two air- 
filled structures were identified attached to the sigmoid 
colon and communicating with each other. A segment of 
small bowel was adherent to the colon at this site. The 
involved segment of sigmoid colon was resected along 
with the segment of the adjacent small bowel (Fig. 3). 
The patient made an uneventful post-operative recovery. 

Histological examination of the resected specimen 
showed two communicating fibrous-walled cysts within 
the serosa of the sigmoid colon. There was faecal debris 
in their walls which had elicited both acute and chronic 
granulomatous inflammation and a foreign-body giant 
cell reaction. Neither an epithelial lining, barium con- 
tents nor communication with the bowel lumen were 
demonstrated, although the presence of faecal debris 
within the cysts implied some previous communication. 

Giant colonic diverticula or giant air-cysts of the colon 
may present as an unusual gas collection arising from the 
large bowel and in the majority of cases they arise from 
the sigmoid colon (Kricun et al, 1980). They are usually 
solitary. multiplicity having been described in only a 
small number of cases (Gallagher & Welch, 1979). There 
is almost always evidence of- diverticular disease else- 
where in the colon. 

Giant colonic diverticula may be asymptomatic or 
may present with pain, vomiting, abdominal distension, 
malaena or more acute symptoms of diverticulitis 
(Kricun et al, 1980), including perforation, or rarely, as a 
palpable abdominal mass. 

Giant colonic diverticula can be detected on plain 
radiographs as rounded or elliptical, well circumscribed 
air collections, usually in the left side of the abdomen 
(Rosenberg & Naidich, 1981). Such collections may 
exceed 20 cm in diameter. Differential diagnosis includes 
other causes of large air collections such as abscesses, 
which are usually less well circumscribed, or diverticula 
arising from other parts of the gastrointestinal tract, such 
as giant duodenal diverticula or a dilated air-containing 
Meckel’s diverticulum. 

On barium enema, these diverticula do not always fill 
with barium and a communication with the colonic 
lumen may be found in only 60% of cases (Kricun et al, 
1980). They are invariably in close proximity to the 
sigmoid colon and the colon is often impressed by, or 
stretched around, the diverticula. 

On histological examination the wall of a giant colonic 
diverticulum is often composed of acute and chronically 
inflamed tissue. Mucosal and muscular remnants may 
not be found. It is unusual not to find a communication 
with the colon (Muhletaler et al, 1981). In this case a 
communication was not visible on pathological examin- 
ation although the presence of faecal debris within the 
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Figure 3. Resected specimen. Two giant sigmoid diverticula 
measuring 1Scm* 11cm and 10cm *8&cm arising from and 
lying either side of the sigmoid colon (arrows). 


lumen of the diverticula implies that a communication 
had existed. 

Three mechanisms for the development of giant sig- 
moid diverticula have been proposed. Inflammation at 
the neck of a pre-existing diverticulum may lead to a 
ball-valve mechanism resulting in a massively enlarged 
pseudodiverticulum of mucosa and submucosa protrud- 
ing through the wall of the colon. Alternatively, perfo- 
ration of a diverticulum may have occurred leading to a 
progressively enlarging pseudocyst, secondary to a ball- 
valve mechanism. The other suggested mechanism is that 
the neck of a diverticulum is occluded and the diverticu- 
lum becomes distended by gas-forming organisms. 
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A primary requirement in the investigation of experimentally 
induced urinary tract obstruction is that there must be a 
reliable method of assessing the functional changes induced. In 
previous studies of the effects of X radiation on the rat urinary 
tract, assessment has used the relatively gross end-point of 
hydronephrosis development, as detected by regular renal 
palpation followed up by intravenous urography (Knowles, 
1985; Knowles & Trott, 1987). 

In order to detect early, subclinical changes and to obtain 
quantitative measures of radiation effects, more sensitive 
techniques are required. One such method which has proven 
successful in investigating human urinary tract obstruction is 
gamma camera renography. Deconvolution of the gamma 
camera renogram enables the estimation of radionuclide 
transit times through the kidney. Drawing of separate regions 
of interest round the pelvi-calyceal region allows separate 
whole kidney and parenchymal transit times to be calculated 
(Whitfield et al, 1978; Britton et al, 1979). Using these it is 
possible to obtain a measure of delay due to the obstruction 
and to determine whether or not nephron function is reduced. 

We have been assessing the use of these techniques to 
examine changes occurring in the rat subsequent to localized 
irradiation of a length of ureter. This paper presents transit 
time results for the unobstructed urinary tract together with a 
description of the changes so far observed in radiation-induced 
obstructing uropathy. 


Materials and methods 
Animals 

Male rats of the Wistar and F344 strains were used. They 
were supplied at ~ 8-10 weeks of age by the Imperial Cancer 
Research Fund, Clare Hall Laboratory and subsequently 
maintained in the animal house at St Bartholomew's Medical 
College. The rats were about 16 weeks old at irradiation for 
which they were anaesthetized with 100 mg/kg ketamine 
intraperitoneally (Ketalar). For renography, renal palpation 
and urography they were anaesthetized with 2-3% halothane 
in a 1:1, oxygen to nitrous oxide gas mixture which was 
supplied by a small face mask. 


Irradiation 

Full details of the X-irradiation procedure have been given 
previously (Knowles, 1985; Knowles & Trott, 1987). A 
lemx1.5cm field was positioned over the left ureter and 
single doses of 20-30 Gy were given to a 1.5cm length at 
1.8 Gy/min using 320 kV, 10 mA, a focus—skin distance (FSD) 
of 37 cm and 0.5 mm Cu/0.9 mm Al added filtration. 
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Renal palpation and urography 

Palpation of the kidneys was carried out at intervals of 2-3 
weeks post-irradiation using the methods previously described 
(Knowles, 1985). Intravenous urography was carried out on all 
rats with prolonged transit time indices and all those where 
palpation indicated the possibility of renal enlargement, as well 
as occasional tests on apparently normal animals. Urographs 
were taken about 10 min after intravenous injection of contrast 
medium (Omnipaque 350, Schering) using a Phillips Metalix 
300 LS machine at 52 kV with an FSD of 60 cm and 50 mAs 
exposure. 


Gamma camera renography 

The methods were essentially those previously described for 
humans (Whitfield et al, 1978; Britton et al, 1979). Anaesthe- 
lized rats were placed in a supine position on the medium- 
sensilivity/high-resolution collimator of a gamma camera 
(GE 400 AT, Ohio Nuclear), then 0.1-0.2 ml of a solution 
containing 10-20 MBq of °’Tc™-labelled DTPA were injected 
into a tail vein and the gamma camera data recorded in 5s 
frames over the following 15 min using an on-line computer 
(Varian 76). Data were recorded in frames of 64 x 64 pixels, 
each frame corresponding to a quarter of the field of view of 
the gamma camera. Regions of interest (ROI) were drawn 
round each kidney, each renal pelvis, the heart and a 
background area near each kidney. For each kidney the rena! 
transit times were measured using a deconvolution technique 
based on a matrix algorithm method (Nimmon et al, 1981). 
Using background-subtracted activity-time curves from the 
carefully drawn ROI, mean transit times corresponding to 
both the whole kidney and parenchymal regions (j.e. excluding 
the renal pelvis) were obtained. These were corrected to give 
transit-time indices by subtracting the shortest transit time, 
This was done in order to reduce the effects of differences in 
urine flow rate between rats (Britton et al, 1979, 1987). In this 
way transit-time indices were obtained for the whole kidney 
(WTTI) and for the parenchymal region (PTTI). In addition, 
the relative uptake of the left kidney was calculated as 
described by Britton et al (1979). The total background- 
subtracted activity counted over the left kidney during the 
period 1.5-2.5 min after radionuclide injection was expressed 
as a percentage of the summer background-subtracted 
activities counted in right and left kidney ROI during this time. 


Results 
Control rats 

Unirradiated rats of the Wistar strain only were 
investigated. Gamma camera renography was carried out on 
14 occasions at irregular intervals during the period when they 
were 116-301 days old (irradiated rats were exposed at around 
110 days of age). There was no significant difference between 
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Table I. A summary of increases in renal transit time indices and other changes following localized irradition of the rat ureter 


2 aaa, 








Rat Rat Dose Time of occurrence (days post-irradiation) 
number strain (Gy) neo e — 
Onset Recovery Onset Palpable Urographic 
of WTTI of normal of PTTI change change 
increase’ WTTI* increase“ 
2C F344 30 35 77 None None None 
1A Wistar 20 98 None 98 None 9R 
13A Wistar 25 108 None None None None 
13B Wistar 25 195 -8 None None None 
ISA F344 w 184 = 184 None None 
17A Wistar 30 35 None 35 109 109 


aaa 


‘First occurrence of WTTI > 130 s; "Return to WTTI < 130 s; ‘First occurrence of PTTI > 120; “No test subsequent to onset. 


right and left kidney for WTTI or PTTI (p>0.6 for both, 
Student's /-test). Regression analysis of the pooled results from 
both kidneys revealed no evidence of any age-related changes 
(correlation coefficients of —0.024 and 0.036 for WTTI and 
PTTI, respectively, p>0.1 for both). The mean WTTI 
(+ standard error) was 69.9+4.4s and the mean PTTI was 
60 + 3.7 s with upper limits of 130 and 120 s, respectively. The 
contribution of the left kidney to total uptake was always 
within the range 43-58%. 

In a small proportion of the tests carried out on these 
control rats and on irradiated rats, very long TTI were 
obtained. As these abnormally prolonged transit times 
occurred both in unirradiated and irradiated animals and they 
were always found in both kidneys and never in one alone, this 
effect was obviously not radiation-induced. It was in fact 
observed to be due to the induction of too deep an anaesthesia 
and, with experience, was minimized by keeping the rats on the 
lowest effective concentration of halothane (2%). A very 
similar effect was observed for mini-pigs (S. Boddy, personal 
communication). We have excluded artefactually prolonged 
TTI from all the results and only rats with right kidney WTTI 
of less than 150s are included (in irradiated rats, left kidney 
WTTI may exceed 150s because of radiation-induced 
changes). This is justified by the fact that such TTI were so 
greatly prolonged as to be qualitatively different from the 
others; for example, amongst all Wistar rats (irradiated and 
unirradiated) right kidney WTTI had values less than 140 s on 
33 occasions (less than 100 s on 27 occasions) and greater than 
185s on nine occasions (greater than 215s on seven occasions) 
with no WTTI of between 140 and 185 s. 


Irradiated rats 

Gamma camera renography was carried out at least once on 
I8 irradiated rats (10 Wistar, eight F344) and 12 of these were 
tested on two or more occasions. 

(i) Rats showing no radiation-induced changes. Seven of the 
irradiated Wistar rats had TTI in the normal range in all tests. 
These rats were called “irradiated Wistar controls”. The mean 
WTTI and PTTI were 81.3+4.9 and 71.1 +4.8 s, respectively. 
These values were not significantly different from those for 
unirradiated Wistars (WTTI F = 3.0, p > 0.05; PTTI F = 3.5, 
p > 0.05). Although no unirradiated F344 rats were tested, five 
of the eight irradiated animals showed no radiation effects and 
had TTI lower than the upper limits for control Wistars in all 
tests. These were called “irradiated F344 controls” and they 
had a mean WTTI of 91.0+4.8s and PTTI of 75.7+4.4s. 

For various reasons, most notably computer failure, fewer 
successful tests than intended were carried out on unirradiated 
rats. In view of the lack of any difference between unirradiated 
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Wistars and irradiated Wistar controls it was thought the 
larger sample size obtained by pooling results from these 
groups would give the best estimate of normal values for 
WTTI and PTTI (values for each individual group are, 
however, given above). When this pooling was carried out, 
mean WTTI of 75.44+3.2s and PTTI of 65.3+3.0s were 
obtained. Comparison of these indices with those of the 
irradiated control F344 rats showed that the WTTI of F344 
rats was significantly longer (F = 6.7, 0.025 > p > 0.01) but 
there was no difference for PTTI (F = 3.5, p > 0.05). 

(ii) Rats showing radiation-induced changes. Results for the 
six rats which developed abnormally long WTTI are 
summarized in Table I. They include Wistar and F344 rats and 
at least one from each of the three dose groups. The time of 
onset of changes varied from 35 to 195 days and was not dose 
dependent. Only one rat showed a recovery, after an initial, 
relatively early change. Abnormal PTTI occurred at the same 
time as WTTI changes in three animals. In only one rat (17A) 
was the increase in WTTI associated with any palpable change 
in the left kidney and even here the change was not detected 
until much later on. This kidney also showed clear 
radiographic evidence of enlargement of the renal pelvis and 
proximal ureter and a definite reduction in uptake function 
(32%). Again, these changes only occurred long after the 
initial increase in WTTI. One other rat (1A) showed a very 
mild localized widening of the proximal left ureter at about the 
time of onset of WTTI increase. 


Discussion 
Control animals 

The present study has shown that in spite of the relatively 
small size of the rat kidney it is possible to carry out gamma 
camera renography and obtain both whole kidney and 
parenchymal transit times. Animal studies of this type have 
previously only been carried out on dogs (Price et al, 1978) and 
mini-pigs (Boddy et al, 1988). Gamma camera studies on rats, 
however, have been carried out to evaluate changes in effective 
renal plasma flow after kidney irradiation (Chauser et al, 
1976). These workers used a pinhole collimator but in initial 
trials comparing this with a medium-sensitivity/high-resolution 
collimator we obtained more satisfactory results using the 
latter. 

Not surprisingly, there was no difference between left and 
right kidneys for either rat strain. However, the prolonged 
WTTI but not PTTI in irradiated control F344 compared with 
Wistar rats suggests that the renal pelvis in the F344 is larger 
or more distensible. A WTTI of 90 s is typical for humans and 
values of less than 170s are regarded as normal (Nimmon 
etal, unpublished). Thus they are rather longer than for 
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Wistars (mean 75 s) but similar to F344 (mean 91 s). The mean 
PTT! for both strains (75 and 65s, respectively) are a little 
shorter than for humans where they are typically 80s and 
values less than 150-156 are regarded as normal (Neal et al, 
1985; Britton et al, 1987). The mean WTTI for mini-pigs was 
129s and the mean PTTI 70s, with upper limits the same as 
humans at 170 and 156s respectively (Boddy etal, 1988). 
However, the mean whole kidney transit time (i.e. uncorrected 
by subtraction of minimum transit time) for Large White pigs 
obtained using external probe renography was 412 s (Robbins 
et al, 1984) and a similar value can be deduced from the graphs 
for pigs shown by Wilkinson et al (1978). This is considerably 
longer than the equivalent values for rat, human or mini-pig. 
Two explanations for this are suggested: one is that the 
nephrons in the pigs were relatively longer and more time is 
required to pass through them; the other is that the pigs 
became deeply anaesthetized. The former suggestion is 
supported by the finding that the mean proximal tubule length 
in pigs is 30 mm compared with 16 mm for humans and 12 mm 
for rats (Mudge, 1982). The latter suggestion is prompted by 
the fact that in the present experiment, abnormally long transit 
time indices were found in both kidneys in a minority of rats 
and this was related to the rats becoming too deeply 
anaesthetized. The indices from these animals were thus 
artefactual and have not been presented. Similar prolonged 
transit times as a result of deep anaesthesia were obtained for 
mini-pigs (S. Boddy, personal communication). Wilkinson et al 
(1978) noted changes in Hippuran transit times in the pig and 
rabbit which were dependent on the anaesthetic being used. 


Radiation-induced effects 

Two strains of rat (Wistar and F344) rather than one were 
used in the present experiment because of the possibility of 
strain differences in radiation response. There is no evidence 
for such a difference. However, only a few rats from both 
strains developed radiation-induced changes and thus they 
both differ from the W/Nhg strain used in earlier experiments 
in Germany, which had a relatively radiosensitive ureter 
(Knowles, 1985; Knowles & Trott, 1986, 1987). The W/Nhg 
strain has also been shown to be relatively radiosensitive 
(compared with F344 rats) for heart (Lauk, 1986) and large 
bowel (Sassy & Breiter, 1986) damage. 

Because of the small number of affected animals it has not 
been possible to establish dose-effect relationships or make 
generalizations. Nevertheless, the results suggest that gamma 
camera renography is a more sensitive test of rat urinary tract 
function than previously used methods. This is illustrated by 
the fact that among the six rats showing radiation-induced 
changes only one showed any urographic change by the time 
of onset of increased WTTI, and this was not a hydronephrosis 
but a very mild hydroureter. One other rat developed 
hydronephrosis but this was only detectable by palpation 
and renography more than 70 days after the WTTI increase. 
Thus among these rats radiation effects on the urinary tract 
were detected much earlier by gamma camera renography than 
by palpation or urography. 

Previous studies, in which radiographically detectable 
hydronephrosis was an end-point, showed no recovery 
subsequent to onset (Knowles & Trott, 1986). One of the 
present rats did show recovery to a normal WTTI but it was 
notable that this was after an increase at an early post- 
radiation time which had occurred in the absence of any 
simultaneous increase in PTTI. Three rats showed an increase 
in PTTI, which is evidence of nephron damage (Britton et al, 
1979), and in all three this was not preceded by an increase in 
WTTI but was observed at the same time, 

It has recently been shown in mini-pigs that relatively mild 
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distensions of the ureters causes a marked and rapid increase 
in transit time indices (Boddy etal, 1988) and in humans 
changes in ureters are well established as a sensitive measure of 
urinary obstruction (Whitfield et al, 1977; Buck etal, 1980: 
Piepsz et al, 1982; Neal et al, 1985; Britton et al, 1987). The 
present results suggest that ureters are equally sensitive in rats 
and that after ureteral irradiation at least, early changes in 
transit time indices may precede and predict later chronic 
hydronephrosis. 
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(The Editors do not hold themselves responsible for opinions expressed by correspondents) 


Late normal tissue reactions in patients with breast 
carcinoma 


THE Eprror-—Sir, 

I was interested to read the paper by Bates (1988) dealing with 
the late normal tissue reactions experienced by patients with 
breast carcinoma treated by mastectomy and post-operative 
radiotherapy given in either two or three fractions per week (a 
comparison of six fractions in 18 days with 12 fractions in 28 
days). I would, however, Suggest that the negative 2/f ratio 
obtained indicates that the treatment of 51 Gy in 12 fractions 
is not equivalent to that of 35 Gy in six fractions. 

Using the linear-quadratic model: 


Effect per fraction = ad + Bd? 
where d is dose per fraction (Fowler, 1983). 
For n fractions: 
Effect of total dose = n(ad + Bd?) 
= nd(a+ Bd) 
Dividing through by a: 
Effect d a 
ae na + e) = nd (i + 5) (Fowler, 1988). 
a a = aB 
This can be used to compare the effects expected in the 
different fractionation schedules. Using the x/f ratio of 3 Gy 


for late-reacting tissues and assuming negligible proliferation, 
for the 12-fraction cervicoaxillary node schedule: 


Effect 4.25 
ees 
X 





een 


= 123 “x3 damage units” 
(Fowler, personal communication). 
Similarly for the six-fraction schedule: 


Effect / 5.93 
ee daa ee 





= 103 “a3 damage units”. 


Thus the 12-fraction schedule is 19.4% “hotter” than the six- 
fraction schedule, and one is therefore not surprised to learn 
that a higher percentage of late subcutaneous fibrosis, 
limitation of shoulder movement and lymphoedema of the arm 
occurred following the 12-fraction regime. 


Considering the chest wall schedules, for 12 fractions: 


Effect 3.08 
am 3 Po 
x 


= 75 “a3 damage units”. 





~ 


For six fractions: 


Effect . 5.25 
lace Od E 
a 3 


= 87 “a3 damage units”. 
in this case one would expect more damage from the six- 
fraction schedule and that proved to be the case. 
One can repeat the exercise using an «/f ratio of 10 Gy 
considered to be representative of acute-reacting tissues and 
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tumours (Fowler, 1983). The values relating to the chest wall 
fractionation schedules are similar. However, with regard to 
the cervicoaxillary node schedules, the E/x is 31.2% greater for 
the 12-fraction schedule than the six-fraction schedule and 
therefore the regimes were not strictly biologically equivalent. 
This may be reflected by the greater metastatic and death rates 
in the six-fraction group, although this was not Statistically 
significant. 

Yours, ete., 

M. J. TOMLINSON 
Bristol Radiotherapy and 
Oncology Centre, 
Horfield Road, 
Bristol BS2 8ED 
(Received August 1988) 


(Authors’ reply) 


THE Epiror—Sir, 

We agree with Dr Tomlinson’s algebra, but we question her 
conclusion. She points out that an assumed a/p ratio of 3 
would correctly predict the direction of the difference in 
observed normal tissue response for y rays and X rays. 
However, any value of «/f greater than —0.7865 and less than 
9.35 would lead to the same predictions. 

Dr Tomlinson’s suggested value of a/B = 3 would imply a 
total dose of nearly 39 Gy, using six fractions, ie. 11% higher 
than the dose used in this trial, We believe that this would be a 
serious overdose. There is a very narrow margin of safety using 
six fractions. For instance, Dische et al (1981) found a sharp 
cut-off at 33.5 Gy, above which spinal cord damage was seen. 
In practice, we believe that it would be better in the future to 
reduce the y-ray dosage with 12 fractions. rather than increase 
the six-fraction dose. 

The late skin reactions on the chest wall are better matched 
than the axillary effects, being equal at 5 years. Equality would 


imply the relatively high «/f ratio of 9.35. Bates and Peters 
(1975) pointed out that the effect of changing fractionation is 
quite different, using y rays or soft X rays. We therefore reject 
Dr Tomlinson’s implied conclusion that a single value of «/f, 
i.e. 3, would fit the X-ray and y-ray data. 
As regards the tumour response, we question whether linear- 
quadratic (LQ) theory can be applied to a tumour, when the 
overall times of two regimes differ (see correspondence in BJ R, 
61, 700-707, 1988). In general, we agree with the comment of 
R. T. Yaes “Nobody is suggesting that the LQ model, or 
indeed any model, should be a substitute for clinical trials or 
clinical experience”. 
Yours, etc., 
THELMA D. BATES 
*O.C. A. SCOTT 

South East London Radiotherapy Centre and 

*Richard Dimbleby Department of Cancer Research, 

United Medical and Dental Schools, 

St Thomas’ Hospital, 

London SEI 7EH 

(Received August 1988) 
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Diagnostic radiation, pregnancy and termination 


Tae Epiror—~Sire, 

if a pregnant woman is exposed to diagnostic ionizing radiation, 
the possible sequelae may give cause for concern to the parents 
and to the medical advisors. If the exposure occurs in the first 
half of the pregnancy the question may arise as to whether the 
pregnancy should be terminated. To help allay these worries the 
Radiation Protection Committee of the British Institute of 
Radiology (BIR) issued a statement in 1973 expressing the 
consensus of national and international experts. This indicated 
that exposures of 100 mGy or less to the uterus did not justify 
abortion on radiological grounds. 

Recently, new effects of radiation on human cerebral 
development have been identified (Otake & Schull, 1984) and 
this aspect has been reviewed and amplified by the International 
Commission on Radiological Protection (ICRP, 1986) and the 
Nuclear Energy Agency (NEA, 1988). The problem of the 
magnitude of carcinogenesis injury has also been the subject of 
further studies, although the size of this hazard is still debatable. 
Do these new data alter significantly our perception of the 
magnitude of the possible radiogenic injury to the fetus? 


Cerebral injury 

in the developing human fetus the formation of forebrain 
neurones by mitosis is almost entirely restricted to the period of 
-15 weeks after conception, ie. a menstrual age of 10-17 
weeks. This period is also associated with active migration of the 
primitive neurones to the cerebral cortical zones according to 
precise sequences in time of programmed spatial arrangements 
(ICRP, 1986). During a further stage of development, from the 
6th to the 28th week. the primitive neurones develop further, 
forming axons and dendrites. Further brain growth lasting in 
particular up to the age of 2 years is associated mainly with the 
formation of functional connections between the neurones and 
with glial cell formation. 

Dobbing and Sands (1973) initially pointed out that the ume 
of increased sensitivity of the brain to radiation corresponded to 
the period of DNA synthesis in the forebrain. Studies on the 
Japanese atom bomb survivors (Otake & Schull 1984; Otake et 
al. 1987) show small doses of radiation, as low as 10-90 mGy., 
are associated with an increased incidence of mental retardation 
for exposure given to pregnancies from 8-15 weeks after 
conception, but the number of mentally retarded cases (two) 
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who received this small dose is too small to be statistically 
significant. If one or two children were wrongly classified then 
risk estimates at low dose would be substantially changed 
(ICRP, 1986). The data are compatible with a linear 
relationship between dose and response and cannot exclude a 
threshold between zero and 100mGy (ICRP, 1986). Further 
analysis shows, even when the mentally deficient had been 
excluded, that there is lowering of the IQ score of those exposed 
(ICRP, 1986). It is difficult to believe that a very small dose of 
radiation could stocastically damage the previously normal 
brain so as to cause mental deficiency, but this last observation 
might help to explain the findings. 

If ionizing radiation causes a shift of the IQ distribution, 
lowering the mean, then more cases in the mentally deficient 
group will occur. Note the importance of the timing of the 
radiation exposure. No risk is seen resulting from small or 
moderate levels of radiation (i.e. less than 0.5 Gy) unless it is 


intelligence. 

The ICRP (1986) assessed the risk of radiogenic mental 
deficiency at 0.4 Gy ' during the gestational age of 8-15 weeks. 
A proportionality coefficient of 7-13 IQ points decrease Gy | 
was calculated for those in the 8-15 week gestational age period 
(NEA, 1988). 


Other injuries to organogenesis 

From the end of the 2nd week after conception, when 
organogenesis begins, to the 8th week of development, more 
than 90% of the 4500 identified structures seen in the adult are 
already formed (O'Rahilly, 1979). Radiation injuries to the 
formation of some of these structures have been described, 
although no injury at diagnostic doses in the human has been 
identified. Mole (1987) offers cogent argument to indicate that a 
threshold will usually be expected. 

It is prudent, however, to bear in mind the possibility of 
injury; for example, an exposure in the period of 2-4 weeks after 
conception could lead to a spina bifida, and a careful ultrasound 
review of the fetus should be undertaken later with such an 
injury in mind. There is no human evidence to suggest that 
exposures in the first 2 weeks after conception, Le. within the 
menstrual cycle, are dangerous to organogenesis. 


Genetic risk 

The latest United Nations Scientific Committee on the Effects 
of Atomic Radiation (LINSCEAR, 1986) assessment for the 
induction of mutations leading to abnormal children in the next 
generation lies in the range 0-20 per million live births per 
0.01 Gy, or 0-0.20% Gy '. 


Cancer risk 

Reviews of the magnitude of the fatal cancer risk after fetal 
irradiation are available (UNSCEAR, 1982, 1986; Mole, 1987). 

Estimates of magnitude of the risk of lethal cancer after 
irradiation in utero vary widely. The Japanese atom bomb 
survivors, on whom we rely so much for our adult radiation 
hazard assessment, showed no increase in childhood lethal 
cancer in those irradiated in utero (Jablon & Kato, 1970} but 
there is an increased cancer rate during adult life of those 
exposed in utero (Yoshimoto et al, 1988). The concensus figures 
of excess cancer deaths in the UNSCEAR report (UNSCEAR, 
1986) is 2-2.5% Gy |. 
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Table I. Mean adult ovarian dose per examination 


mGy 
Lumbar spine 6 
Upper femur, hip I 
Pelvis 2 
Abdomen 0.8 
Barium enema 16 
Barium meal 3.6 
Intravenous urography 3.6 
Cystography 14.2 


amene 
Taken from Wall et al (1980). 


In the latest report of the Oxford Survey of Childhood 
Cancers (Knox et al, 1987) this figure is 20% Gy | and higher in 
early pregnancy (Gilman et al, 1988), If these estimates are true 
it means that over half the childhood cancer deaths arise from 
the natural radiation exposure in utero, and we should see high 
rates of childhood cancer in areas of high natural radiation. This 
has been looked for and not found (Hanson & Komarov, 1983). 

Full analysis of the new data from the Japanese bomb 
survivors (Preston & Pierce, 1987) is awaited but it seems likely 
that after irradiation of children a figure of fatal cancer 
induction of about 6% Gy | will be assessed. It seems unwise to 
assume a lower figure than this for the embryo or fetus. 


Assessment of radiation dose 

If there is a diagnostic exposure of a pregnancy an assessment 
of the radiation dose should be made. A medical physicist 
should be involved in the assessment; variations larger than a 
hundredfold may be found in different hospitals and individuals 
for a given examination (Shrimpton et al, 1986). 

In nuclear medicine the radiation dose to the uterine contents 
is unlikely to be larger than the maternal tissue dose. with the 
exception of iodides, when the fetal dose may be assumed to be 
fivefold larger than the maternal dose (NEA, 1988). 

Table I gives the mean ovarian dose for several examinations 
(Wall et al, 1980). As noted these can vary widely. In early 
pregnancy the ovarian dose and uterine dose are similar, but in 
later pregnancy assessment is more complex. 

The average occupational exposure to radiographers was 
found to be 0.37 mGy~' year and to radiologists 0.51 mGy 
year ' (Hughes et al, 1983). These are film badge measurements 
and the uterus dose will be substantially less. If we assume the 
fetal brain exposure is half the film badge dose, then in the 8- 
week period of fetal brain growth sensitivity, the occupational 
radiation dose to the fetal brain will average only 0.06 mGy for 
radiographers and 0.08 mGy for radiologists. 


Total risk 
Taking a pessimistic view of the risk factors indicated above, 
the hazard of a fetal I mGy exposure will be as follows. 


(1) Brain injury at a rate of 13 1Q points decrease Gy ~', only 
during 8-15 weeks gestational age (corresponding to 10-17 
weeks menstrual age): an IQ decrease of 0.013 of a point. 

(2) Genetic risk to the next generation, at a rate of 0.20% 
Gy ', one abnormal child in half a million exposures. 

(3) Childhood fatal cancer risk at a rate of 6% Gy |: one 
case in 16000 such exposures. The natural incidence of fatal 
cancer in the United Kingdom is | in 1800 so this represents an 
increase of 11% in the natural incidence, 
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it can be seen that the cancer risk will be the most worrying of 
the hazards to the majority of people. 

At this radiation dose to the fetus, it seems unlikely that fear 
of an injury from diagnostic radiation should ever be, per se, an 
indication for terminating a pregnancy. The final decision to ask 
for a termination rests with the mother, but the advice she gets 
from her attendants can be reassuring. At larger doses the 
matter should be discussed on the basis of a full understanding 
of the hazards. 

Wherever possible, diagnostic radiation to a pregnancy 
should be avoided (National Radiation Protection Board 
(NRPB), 1985). Careful radiographic technique should always 
keep the dose as low as possible, especially for the gonads, 
whether a pregnancy is present or not. Radiation is unwelcome, 
but we do not live in a perfect world. Nora et al (1967) found 
women were exposed to an average 3.7 potentially teratogenic 
agents in the first 3 months of pregnancy. 

Yours, ete., 
i. G. B. RUSSELL 
Department of Radiology, 
Saint Mary's Hospital, 
Whitworth Park, 
Manchester M13 0JH 
(Received July 1988) 
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Leakage from a caesium-137 needle 

Tue Eprror—-Sm, 

During routine leakage checks on our stock of iridio-platinum 
encased caesium-137 needles and tubes, an unacceptable level of 
activity was detected from a number of needles. On further 
testing it was found that I8 gave positive indication of free 
activity. If was known from our records that seven of these had 
never been used clinically since purchase from Amersham 
international in 1981. The suspect sources were returned to 
Amersham, at their request, for inspection. 

They confirmed that one source consistently gave samples 
containing several hundred counts per minute when immersed 
in boiling water to remove surface contamination. The BS 5288 
Appendix D limit is 200 Bq but Amersham use a pass limit of 
18 Bq (G.4nCi). The source was identified as a type CDC D2, 
one of the group which had never been used clinically. The other 
(7 needles passed the 4-h immersion test (British Standards 
Institution (BSI), 1988). 

The test report from Amersham states “Visual examination at 
« {0 magnification found no damage. holes, blemishes or 
marks. Extra attention was paid to the resistance weld zones at 
the eylet and trocar ends but again no marks were visible. 
Careful wipe tests were made in these two areas. The eyelet end 
gave a 3.5nCi result and the trocar end a 22.9nCi result. 
Further close inspection of the trocar weld area again found no 
visible defects”. The report concluded “There is a defective weld 
at the trocar end although there is no exterior visual evidence. 
The source passed its leak test at manufacture. One can only 
speculate that contamination between the inner shell and sheath 
has migrated over a period of time into an area of the weld that 
is faulty and contains a microscopic pathway for the Caesium 
cae 
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The recently published Guidance Notes for the Protection of 
Persons against lonising Radiations arising from Medical and 
Dental Use (National Radiation Protection Board (N RPB), 
1988) states in Paragraph 9.23 that “sources should be re-tested 
at least once a year and whenever damage is suspected. This is 
necessary because brachytherapy sources are subject to wear 
through frequent use and sterilization”. If the leak in our needle 
was the result of its use, namely three or four leak tests in 7 
years, one might be tempted to forego such tests for sources 
which have never been used clinically, only performing a leak 
test when a request for the source arises. If, on the other hand, 
the leakage of active material is simply a migration during long- 
term storage, then it would be unwise to leave the source 
unchecked as contamination of nearby sources could become a 
serious problem. Paragraph 9.23 of the Guidance Notes can be 
interpreted in such a way that a source need not be tested until 
after its first use if a leakage test certificate has been issued by 
the manufacturer. This would be a dangerous interpretation in 
view of our experience, even allowing for the rarity of the 
occurrence. 

Yours, etc., 
D. G. CLARKSON 
West of Scotland Health Boards, 
Department of Clinical Physics and Bio-Engineering, 
11 West Graham Street. 
Glasgow G4 9LF 
(Received July 1988) 
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Costing imaging procedures 

THE EDITOR— SIR, 

Dr Bretland (1988b) has omitted an important factor from his 
calculations of the cost of oral cholecystography—that of the 
harm done by ionizing radiation. This has been calculated at 
{5-10 000 man-Sv © (Russell & Webb, 1987). Since this 
estimate was made. our perception of fatal cancer induction has 
at least doubled (International Commission on Radiological 
Protection (ICRP), 1987) so it is reasonable to take £10 000 as 
the value of avoiding a man-Sv. 

Shrimpton et al (1986) estimated the mean dose from oral 
cholecystography at 0.95 mSv (range 0.13 to 5.01 mSv) giving a 
value of the harm caused by radiation of £9.5/examination. 

This increases the cost of an oral cholecystogram using Dr 
Bretland’s figure to £39, which can be compared with his figure 
for a biliary ultrasound examination of £22. 

The error of omission of a factor for the harm caused by 
ionization radiation flaws Bretland’s earlier study (1988a). 

Yours, etc., 
J. G. B. RUSSELL 
Department of Radiology, 
Saint Mary's Hospital, 
Whitworth Park, 
Manchester M13 0JH 


(Received July 1988) 
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THE Eprror—sSir, 

Dr Russell is quite right to suggest that an element representing 
in financial terms the harm done by ionizing radiation should be 
added to the costs of imaging procedures, but it is a different 
kind of cost, calculated in a different way. 

The work on which my three articles (Bretland 1988a,b,c) 
were based was done in 1985 and was devoted to classifying and 
defining the elements to be included in the costing. It 
distinguished money actually spent within the District to cover 
variable, semi-variable and fixed costs in the financial year 1984/ 
85 (the short-term costs) on the one hand, from the hypothetical 
capital costs of major equipment and existing buildings and the 
maintenance of those capital assets, (the medium-term casts) on 
the other, in accordance with standard commercial cost- 
accounting practice. It was concerned with ensuring that proper 
calculations could be made of the costs of maintaining an 
imaging service in the foreseeable future and that costing figures 
from different institutions could be properly compared because 
they had included similar cost elements in similar Ways. 

This work did not include estimates of “downstream” costs, 
ie. the consequential, hypothetical, predicted costs entailed by 
undertaking or omitting a diagnostic procedure. There is an 
argument that any procedure which makes an earlier diagnosis 
reduces the costs and contributes to the success of future 
treatment and management of the patient, as well as improving 
the quality of life. Against this must be set not only the intrinsic 
cost of the diagnostic procedure but also the cost of its hazards 
and complications. Any sensible system of cost-benefit analysis 
will have to take these elements into consideration. There is 
remarkably little published work on this subject and much to be 
done in the future. 

I suggest, therefore, that, however valid the concept of a cost 
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element for the harm done by ionizing radiation, H is a probabil- 
ity-derived figure based on statistical evidence. Its place in the 
cost-benefit analysis is thus not with the basic intrinsic short- 
and medium-term local costs of maintaming the imaging 
service. Its place is with the hypothetical calculated 
“downstream” costs in the long-term cost-benefit analysis 
(preferably on a national basis) so that it can be set against the 
ultimate benefit of the procedure. Only then can its true 
relevance be properly assessed. 
Yours, etc., 

P. M. BRETLAND 
The Whittington Hospital, 
St Mary's Wing, 
Highgate Hill, 
London N19 SNF 
(Received August 1988) 
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Too much radiation in radiodiagnosis? 


Abstracts of papers presented at a meeting of the BIR, held at the University College and Middlesex School of 
Medicine, Windeyer Building, Cleveland Street, London W1 on Wednesday, March 9, 1988 


Session 1 


Chairman Dr J. G. B. Russell 


Theoretical overview of dose reductions, by C. Lawinski (abstract not received) 
The potential and need for dose reductions in radiodiagnosis, by B. F. Wall 


Optimization, by J. R. Croft 


A clinical assessment of the image quality of radiographs obtained using dose reduction filters, by H. B. Meire and H. Jadva 
Who makes the recommendations concerning radiation protection? by J. G. B. Russell, and A. P. Hufton 


Legislation to limit radiation dose to patients, by B. E. Godfrey 


Session 2 
Chairman: Mr G. Mountford 


Have intensifying screens changed to effect less radiation? by D. G. Rothery 
Effects of films and screens on radiation dose reduction, by L. Astle (abstract not received) 
Grids: changes in manufacture and design to effect lower dose, by P. de Hanika (abstract not received) 


Processors, by A. N. Cropper 


Dose reduction potential of carbon fibre table tops in diagnostic radiology, by L. G. Bevan 


Cassettes: changes in design for more efficiency, by D. P. Roberts 


Electronic imaging, by M. Moore (abstract not received) 


The potential and need for dose reductions in 
radiodiagnosis 

B., E. Wall 

National Radiological Protection Board, Chilton, Didcot, Oxon 


The potential for reducing the radiation exposure of the 
community is nowhere higher than in the field of radio- 
diagnosis, which accounts for nearly 90% of the dose to the 
population from all uses of ionizing radiation. Results of 
national surveys are presented which demonstrate wide 
variations in doses to patients from the same type of X-ray 
examination. Many of the higher doses could be dramatically 
reduced with no loss of diagnostic information and at little, if 
any, financial cost. A reduction of less than 1% in the 
population exposure from diagnostic radiology would balance 
the entire contribution from the UK nuclear power 
programme. Despite this potential, and unlike the case of 
nuclear power, there is little pressure from the public or the 
media to reduce doses from diagnostic X rays. This ambivalent 
attitude towards radiation no doubt stems from general 
appreciation of the direct and personal benefit of most health 
care activities, radiodiagnosis included, and a less than 
universal acceptance of the benefits of nuclear power. Patients 
will accept risks from medical procedures that promise relief 
from pain or disability, that they would not normally accept 
from other sources. The risks of radiation-induced health 
effects occurring in a patient after exposure to routine types of 
X-ray examination are shown to vary between about one in a 
million for a chest X ray to about | in 10000 for an intra- 
venous urogram or a barium enema. Considered indi- 
vidually, these risks are low, especially when compared with 
the risks of some surgical procedures, and can usually be 
justified in terms of the overriding medical benefit of the 
examination. However, with 35 million X-ray examinations 
taking place annually in Britain it is the collective radiation 
detriment that is the problem. If this detriment is expressed in 
terms of the number of years of life lost from the radiation 
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delivered in a typical X-ray room, then the effectiveness of 
applying low-dose technology in the room in terms of the cost 
per year of life saved can be calculated. This is shown to 
compare favourably with other established medical procedures 
that extend or enhance life and already consume considerable 
health service resources, 


Optimization 


J. R. Croft 
National Radiological Protection Board, Northern Centre, 
Cookridge, Leeds 


The basic International Commission on Radiological 
Protection (ICRP) principle of optimization is applicable to 
radiodiagnosis and undoubtedly there exists a significant 
potential for dose reductions in this sphere. A variety of 
options to achieve this is available. The question is which of 
these should be considered reasonably practicable and 
implemented and can they be ranked in order of priority? To 
aid the judgments inherent in optimization, or as it is more 
commonly referred to, ALARA/ALARP, the Commission 
recommends the use of cost-benefit analysis. The current 
advice from the National Radiological Protection Board 
(NRPB) on the use of cost-benefit analysis and valuing the 
man-Sv is presented. Patient exposure is a special case as, 
unlike most other irradiations, the exposed person derives a 
personal benefit. This and other relevant factors have been 
considered by Russell and Webb and their proposals are 
discussed. The role of cost-benefit analysis in decision-making 
is discussed with reference to the level of decision and the use 
of structured approaches such as the ALARA Procedure and 
ALARA Audits. Brief examples of possible uses are presented 
and further studies are advocated. It is recognized that 
radiation protection in the medical field is competing for scarce 
resources and to demonstrate its cost effectiveness relative to 
medical procedures, other economic techniques such as 
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cost-utility analysis are being explored. A common problem in 
the field of optimization, irrespective of whether quantitative 
decision aiding techniques are used, is the availability of 
appropriate databases. This problem is addressed and 
encouragement is given to the inclusion in quality assurance 
programmes of routine monitoring of doses to patients. 


A clinical assessment of the image quality of 
radiographs obtained using dose reduction filters 


Hylton B. Meire and Hansa Jadva 
Department of Radiology, King’s College Hospital, London 
SES ORS 


Radiographs were taken over a 4-month period using three 
different filter material: 3mm aluminium (AD, 3mm 
Al+0.lmm erbium and 3mm Al+0.1 mm ytrium. 
Examinations were confined to Il main regions including 
chest, abdomen, pelvis, spine and limbs. Each patient was 
examined with only one filter material and all examinations 
were performed on a single basic radiographic unit. Nearly 
1800 examinations were included in the study. Anatomical 
phantoms were used to establish the mAs factors necessary to 
achieve comparable clinical results with the different filter 
materials. The dose reductions obtained with the filters were 
measured and are reported separately. They were of the order 
of 30 to 70% of the dose with the 3 mm Al filter. During the 
study period 104 patients were examined with the erbium filter 
and 185 with the ytrium. At the conclusion of the study H.J. 
chose one example each of the I1 types of examination for 
each filter material on patients matched as closely as possible 
for size. The resulting radiographs were colour-coded for filter 
material, and other factors, using a complex code not known 
to the radiologists. The radiographs were then analysed 
separately by each of four radiologists and scored for image 
quality on a scale of I to 5. Image quality took into account 
overall image contrast with special reference to the diagnostic 
adequacy of the information in the lighter and darker areas of 
each radiograph. 

The codes were then broken and totalled for each different 
filter material. The mean scores were: aluminium alone 3.45, 
aluminium +erbium 3.55, and aluminium +ytrium 2.82. The 
differences between these means are Statistically significant. 
The high score for erbium is notable. This may be related to 
the unusual spectral distribution of the erbium-filtered 
radiation which tends more towards monochromatic with the 
peak value increased but the mean decreased. The mean values 
for the transmitted radiation for the three filters with a kVp of 
80 were: Al 44.2 Kv, Er 43.2 Kv, and Yt 48.8 Kv. It seems 
possible that the radiologists subjective assessments had 
detected these differing values. The study suggests that the use 
of dose-reduction filters does not degrade image quality and 
that erbium may produce a small subjective improvement. The 
small but significant dose reductions obtained with these filters 
should be seen in the context of the huge range of different 
exposures for any given examination attributable to varying 
technique in different hospitals. 


Who makes the recommendations concerning radiation 
protection? 
J. G. B. Russell and *A. P. Hufton 


St Mary's Hospital, Manchester and * Regional Department of 
Medical Physics, Christie Hospital, Manchester 


The International Commission on Radiological Protection 
(ICRP) is the primary international body making 
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recommendations on standards and practices in radiological 
protection. There are, however, many other international 
organizations having important roles in the field of radiation 
protection. A number of these are organized under the aegis of 
the United Nations. For example, the United Nations 
Scientific Committee on the Effects of Atomic Radiation 
(UNSCEAR) publishes an extensive review of the subject 
every 4 years, and both the World Health Organization and 
the International Atomic Energy Agency publish useful reports 
on specific radiation protection topics. The American 
Committee on the Biological Effects of fonizing Radiation, 
(BEIR) and the National Council on Radiation Protection and 
Measurements, (NCRP) also produce reports in a similar way 
to UNSCEAR and ICRP, and these too have considerable 
influence in the international scene. In the United Kingdom 
the most important body dealing with radiation protection is 
the National Radiological Protection Board (NRPB). As well 
as being required to advise the Government on radiation 
protection matters, it publishes advice and reports on 
important topics. There are of course many other UK. bodies, 
like the British Institute of Radiology, representing specific 
groups with interest in particular areas of radiation protection, 
and who, by various means, influence the advice which the 
Government receives through the DHSS and Health and 
Safety Commission. Ultimately, some of this advice may be 
incorporated into legal requirements for radiation protection. 
Examples of this, arising out of the 1974 Health and Safety at 
Work Act, and Directives from the Council of the European 
Communities, are the Jonising Radiations Regulations 1985 and 
forthcoming Regulations concerning the protection of the 
patient. 


Legislation to limit radiation dose to patients 


B. E. Godfrey 
Department of Health and Social Security, Elephant & Castle, 
London SEI 6BY 


Specific requirements of the Medicines (Administration of 
Radioactive Substances) Regulations 1978, The ionising 
Radiations Regulations 1985, and The Ionising Radiations 
(Protection of Persons undergoing Medical Examination or 
Treatment) Regulations (in draft), as they relate to the 
limitation of radiation dose to patients, are discussed. Current 
legislation is seen to be directed towards the achievement of 
dose limitation through regulation of the design, construction, 
installation and maintenance of equipment; the training of 
those who effect medical exposures: and procedures for 
medical exposures. 


Have intensifying screens changed to effect less 
radiation? 


D. G. Rothery 
3M UK PLC, Bracknell, Berks RGI2 IJU 


It was, in fact, a phosphor coating that assisted Roentgen to 
discover X radiation; the phosphor, barium platino cyanide, 
was quickly changed at the turn of the century by Eddison who 
developed the phosphor calcium tungstate which formed the 
basis of medical intensifying screens up until the early 1970s. 
The only way to reduce radiation using CaWO, screens was to 
increase the size of the grains used in the phosphor coating. 
This led to a reduction in image quality. In 1972 Dr R. A. 
Buchanan was working on the absorption of radiation in space 
for the Lockheed Company. He proposed two new materials 
that would have a useful existence in medical applications. 
These two phosphors were rare-earth materials from the 





lanthanide series of elements, namely lanthanum oxysulphide 
and gadolinium oxysulphide. Light conversion from absorbed 
X-ray energy was four to six times better than calcium 
tungstate and gadolinium had a 50% better X-ray photon 
absorption than lanthanium above 50kVp. However, both 
these two phosphors emitted a high intensity of green light 
when irradiated, which led to the development of oxybromide 
compounds to follow the direction of calcium tungstate. 
Today, phosphors are used in intensifying screens having 
ultraviolet, blue and green light emissions. Screen speeds now 
range as high as 1260 (relative speed) using rare-earth 
phosphors and high-speed film-—this can offer exposure 
reductions of up to 90% compared with calcium tungstate (200 
speed) systems. Furthermore, image quality is improved 
hecause of the small uniform grains and high packing densities 
achievable using rare-earth phosphor materials. 


Reference 

BUCHANAN, R. A., FINKELSTEIN, S. & WICKERSHEIM, K. A., 
1972. Exposure reduction using rare earth oxysuiphide 
screens, Radiology, 105, 185-190. 


A. N. Cropper 
Kodak Ltd, Hemel Hempstead, Herts HPI WU 


Patient dosage and automatic processors may be approached 
from two directions. First, potential reduction of dose can be 
achieved by the use of the correct processing temperature as 
recommended by the manufacturer. The manufacturer will 
recommend the temperature that achieves the best possible 
result from their film and chemical products. Running a 
processor below this temperature results in an increase in 
expasure to achieve the necessary densities for diagnosis. With 
modern films, increases in temperature normally only result in 
increased fog and contrast, with higher visualization of mottle 
and a possibility of grain clumping. Informal surveys by this 
Company have demonstrated that well over 50% of processors 
are running at 2°C (or more) below recommended tempera- 
tures, This can result in an apparent speed loss in excess of 
20%. Secondly, excess exposure can be prevented by reducing 
repeat examinations required by non-diagnostic radiographs. 
After installation, the correct operating temperatures and 
replenishment rates should be ensured throughout ali the 
processors in each hospital, so that each processor 1s matched 
for speed and contrast monitoring of the sensitometric 
performance. Freshly exposed film, of the type used by the 
department should be used and the results plotted on a trend 
chart which will give advance warning of drifts away from the 
ideal, Corrective action may be taken before these changes 
become apparent on radiographs. Soon to be available will be 
a computer-based “Process Control Manager” comprising an 
“intelligent” densitometer interfacing with a computer and a 
software package that plots, diagnoses and recommends any 
corrective action(s) necessary. This will remove the tedium 
associated with the routine, daily plotting. Finally, the first 
person to touch an X-ray film is the person who opens the box. 
Film is manufactured in a totally automated process and is at 
as most sensitive in the post-exposure state prior to processing. 
Relatively few darkroom technicians receive any formal 
training, a deficiency generally attributed to lack of funds 
and/or time. Darkroom technicians who are also responsible 
for routine day-to-day processor monitoring and maintenance 
may contribute greatly to reduced film rejects and hence to 
dose reduction. 
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Dose reduction potential of carbon fibre table tops in 
diagnostic radiology 


L. G. Bevan 
Fothergill Composite and Polymer Technologies Lid, 
Bridgwater, Somerset TA6 4TP 


A significant portion of the dose received by a patient during a 
radiographic examination is a result of absorbtion in the 
various patient support structures through which the primary 
beam must pass. A significant reduction in dose to both patient 
and, equally importantly, the staff can be achieved by the use 
of carbon fibre materials. This has been confirmed by 
independent researchers. The use of carbon fibre in the 
construction of patient support structures was established in 
the 1970s. A major problem for CT scanner designers at that 
time was to design a patient support couch that would meet 
machine requirements of stiffness and strength yet have low 
attenuation. The problem with conventional materials was that 
they could satisfy one criterion but only at the expense of the 
other. Fothergill Technologies solved the problem by designing a 
carbon fibre skinned /foamed-filled couch that met the demanding 
requirements. Unless ill treated, the couches are hard wearing 
and can stand up to the rigours of a busy department. Well 
over 2000 installations worldwide have been made over the last 
decade and there has never, to our knowledge, been a service 
difficulty associated with the performance of the carbon couch. 
Carbon fibre materials are more costly than components made 
from conventional materials but the dose reduction made 
possible by carbon fibre components can be justified in 
cost-benefit terms. On average, a reduction of 10% in patient 
dose will save £5400 per room per year (Mufton et al, 1987). 
This means that the cost of a carbon fibre table can be 
recovered within a matter of months. 


Reference 

Murton, A. P., Crostuwaite, C. M., Davies, J. M. & 
Rosinson, L. A., 1987. Low attenuation materials for table 
tops, cassettes and grids: a review. Radiography, 53, 17-18. 


Cassettes: changes in design for more efficiency 


D. P. Roberts 
Diagnostic Imaging Systems Division, Agfa-Gevaert Ltd, 
Brentford, Middlesex TW8 9AX 


Like most sciences, radiography owes much of its modern 
developments to history. The cassette is no exception to this. 
Since the discovery of X rays there have been continuous 
attempts to improve the efficiency of examination of patients, 
particularly in attempts at dose reduction. For many years, the 
cassette was simply a box-like structure containing a pair of 
screens on each side of a film. The need for intimate contact 
between film and screens led to the relatively simple 
mechanical device of a curved, usually metal, cover exerting 
pressure on the film and screens. If film/screen contact could 
be maintained by sandwiching the screens between a thin metal 
foil and a sheet of magnetic rubber, a much lighter cassette 
could be constructed, since reliance need no longer be placed 
on the curved metal cover. Such a system was designed by 
Agfa-Gevaert using Novodur, an ABS plastic developed by 
Bayer. The resulting cassette is about 25% lighter than an 
equivalent metal cassette with significantly less absorption. The 
reduction in absorption can be as great as 40%. There are 
major advantages in such a construction, mainly due to the 
accuracy of modern moulding techniques. This accuracy is of 
great benefit in cassette transport and film-handling systems. 
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and correspondence will be saved if authors pay careful attention to these detailed instructions especially as regards 


references. 
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full papers, case reports, the Case of the Month, technical and 
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addressed to the Honorary Editors, The British Journal of 
Radiology, 36 Portland Place, London WIN 4AT. 
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the most appropriate of the following Associate Editors: 

Dr P. Armstrong, MB, BS, FRCR. DMRD, Department of 
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The acceptance of a paper for publication in The British 
Journal of Radiology is at the discretion of the Editors and 1s 
subject to the understanding that the material contained in the 
paper has not already been published and is not intended for 
publication elsewhere. 

If a paper has more than one author, the negotiating author 
is expected to bear responsibility for obtaining the agreement 
of all the other authors. AH authors must sign the covering 
letter submitted with the Manuscript. 

The copyright of all publications resides with The British 
institute of Radiology. 

The Editors take no responsibility for the return of 
manuscripts, prints, etc., submitted for publication. 


RESEARCH. Where relevant, authors will be required to 
sign a statement that permission for clinical trials has been 
obtained from the appropriate Ethical Committee. In animal 
experimentation, authors will be asked to provide a statement 
that this has been carried out in accordance with the Biological 
Council Guidelines on the Use of Living Animals in Scientific 
Investigations, 2nd edn. 


MANUSCRIPT. The manuscript, including references, 
figure legends and tables, should be typewritten in English on 
one side of the paper only with double Spacing and margins of 
at least 25 mm on both sides and at the top. Pages should be 
numbered. Three clear copies must be submitted. The address 
given in the title should be that of the department(s) or 


Fol. 62, No. 733 


hospital(s) at which the work was carried out. If any author 
has subsequently moved to a new address, this should be given 
as a footnote. Degrees and diplomas of authors should be 
given but not more than three for each author. Tables 
(numbered I, H, etc.) should be given on separate sheets, and 
each should have a short descriptive title. Legends for 
illustrations, including diagrams and graphs, should be set out 
on a separate sheet, and denoted Figure 1, 2, etc. The initial 
letter of trade or proprietary names should be a capital, 
Mathematical expressions should be set out clearly. Up to 
three levels of headings may be used and paragraphs should be 
indented. 


UNITS, SYMBOLS AND ABBREVIATIONS. Authors 
should use the International System of Units (SI) (NPL. 1982), 
Units of radiation should be given in SI with the old umis in 
brackets if necessary; thus | Sv (100 rem), 1 Gy (100 rad), 
l! MBq (27 uCi). The British Journal of Radivlogy, May 
1981, contained two useful articles on this subject, by the BIR 
Working Party on SI units and by W. A. Jennings. On the 
question of quantities and units for radiation dosimetry, three 
recommendations from the British Committee on Radiation 
Units and Measurements (BCRU, 1980. 19824, b} are worth 
consulting. The publication Units, Symbols and Abbreviations: 
a Guide for Biological and Medical Editors and A uthors (Royal 
Society of Medicine, 1977) will also be found helpful. 


DIAGRAMS AND GRAPHS. Three sets of artwork should 
be supplied. Diagrams and graphs, including numerals and 
lettering, should be clearly drawn in black ink for photo- 
graphic reproduction to a width of 76 mm {exceptionally 
[56 mm). Good quality photographic prints or the original art- 
work should be supplied. Care should be taken that details 
such as numbering and experimental points remain legible 
after photographic reduction. Computer print-outs are seldom 
Satisfactory. The figure number, author’s name and title of 
article should be on the back of each illustration, pencilled 
lightly or on a sticky label. Authors of physics papers will find 
advice on drawing diagrams, particularly electrical circuits. in 
Notes for Authors issued by the Institute of Physics and the 
Physical Society in 1976 (revised 1983). 


RADIOGRAPHS. Three sets of unmounted prints not 
larger than whole plate, 216 mm x 152 mm, and not smaller 
than half plate should be supplied with manuscripts: any 
extraneous areas which could be cropped off to highlight the 
area of interest should be indicated on a tracing-paper overlay. 
If the prints are not of sufficiently high standard for 
reproduction purposes the author will be required to submit 
the original radiographs and to defray the cost of making 
prints. Tracings of sections of prints are acceptable when 
necessary for additional clarification. Hospital illustrators and 
photographers are usually familiar with the style of drawing or 
print which will give the best reproduction. 


COLOUR. Illustrations in colour are very expensive to print 
and are acceptable only if the author is prepared to pay the 
additional cost (likely to be at least £500). 


All illustrations must have the top clearly marked. 
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REFERENCES. The Harvard system is used. In the text the 
names of authors and the year of publication should be given. 
When there are more than two authors only the first followed 
ty et al should be used. In the bibliography references should 
be given in full and include the title of the paper, names of all 
authors and the full name of the journal or other publication 
in which the article cited appeared. Both first and last page 
mumbers are required. The references must be arranged in 
alphabetical order, in the following form: 
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Uitrasound diagnosis of hquid-filled lesions in children. 
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cellular level. In Radiation Sensitizers, ed. by L. W. Brady 
(Masson, New York), pp. 164-170. 


All references must appear both in the text and in the 
bibliography. 

The accuracy of references is the responsibility of the author: 
references must be checked carefully at source before 
submitting the paper, otherwise publication may be delayed. 


ABSTRACTS. Papers (other than case reports and technical 
notes) should be accompanied by an abstract. This abstract is 
not part of the paper. but is intended to convey the content of 
the paper and te draw attention to all new information and the 
main conclusions. It should be intelligible in itself without 
reference to the paper. An abstract should not normally exceed 
200 words and should ner contain references. 


CORRESPONDENCE. Letters for publication in the 
correspondence section of the journal may be accepted on any 
matters of interest to readers of the journal. 


SHORT COMMUNICATIONS. These are reports of imtial 
studies in new areas. and comments which are too speculative or 
provocative for a normal paper. They should be kept as short as 
possible and must on no account exceed two pages of the 
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the minimum delay. 


CASE OF THE MONTH. These are short papers reporting 
a recognised but rare abnormality, or are teaching cases with 
points of general interest that might be seen at an examination. 
They will occupy no more than two pages and should, 
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therefore, be no more than 1700 words long, less approx. 200 
words for each illustration included. The relevant history and 
initial radiographs will appear on a right-hand page. 
presenting a specific problem to the reader. Overleaf will 
appear comments, with the results of further investigations and 
a conclusion, followed by a brief and up-to-date review of the 
subject with a maximum of five references. The names of no 
more than three authors will be printed. Radiotherapy and 
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this feature. 


OFFPRINTS AND REPRINTS. Twenty-five free “as 
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returned, giving the address for offprints, even when additional 
offprints are nor required. 


SUPPLEMENTS. Special monographs and reports of 
Working parties which are too long for publication within the 
journal may be considered for publication as a Supplement. 
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Magnetic Resonance Imaging of the Central Nervous Systen. Ed. 
by M. Brant-Zawadzki and D. Norman. pp. xii + 404, 1987 
(Raven Press, New York), $103. 

ISBN 0-88 167-240—8 

This book has been written by a well proven team of North 
American teachers, all of whom have been fortunate enough to 
have acquired an extensive knowledge of magnetic resonance 
imaging (MRI), many being pioneers in the field, and all are 
actively involved in the continuing clinical applications of the 
technique. 

Without presuming any prior knowledge of the subject or 
introducing any complex physics or mathematics, the contribu- 
tors provide working concepts. which give sufficient insight to 
allow logical application of MRI to clinical problems. At the 
same time, all the important facts of the subject are covered and 
the book is extensively referenced, well indexed and illustrated 
with excellent magnetic resonance images and many diagrams. 

It is divided into four sections covering (1) basic principles of 
MRI, (2) clinical aspects of brain imaging, (3) clinical aspects of 
spine imaging, and (4) imaging of the head and neck. 

It is perhaps unfortunate that the orbit is not included. Many 
of the chapters are written as independent units embracing a 
particular subject, which inevitably results in a moderate 
amount of overlap with other chapters. Such repetition could 
have been edited out by using cross-referencing, but it does have 
the advantage of making easier reading. 

The book serves as a textbook both for the needs of radiolo- 
gists and clinicians commencing to use MRI and for more 
advanced students and as a reference book for practising 
neuroscientists. 

It well deserves a place in all medical libraries in neuroscience 
departments and in centres performing neuroimaging, and for 
those considering it for personal acquisition it is good value for 
money. 

BRIAN KENDALL 


Head and Neck Imaging. Handbooks of Diagnostic Imaging. By 
June M. Unger, pp. ix + 232, 1987 (Churchill Livingstone, 
Edinburgh), £45.00. 

ISBN 0-443-08471-8 

This book is the second in a series of Handbooks of Diagnostic 
Imaging produced by the American division of Churchill Liv- 
ingstone. If this handsome volume is anything to go by the rest 
of the series will be worth waiting for. The layout is pleasing and 
the contents are logically divided into eight chapters. Each 
chapter begins with a brief consideration of normal anatomy 
followed by subsections relating to specific diseases rather than 
to methods of imaging. This results in all the relevant techniques 
(from xeroradiography of the soft tissues through to magnetic 
resonance imaging) being brought to bear on each disease 
process described. The illustrations are meticulously selected 
with no redundancy and their reproduction is excellent. The 
suggestions on which imaging techniques to use to answer a 
clinical problem are particularly discriminating: for example 
there is a swift dismissal of the vogue for combined CT- 
sialography now that high-resolution CT machines are avail- 
able. 

The detail of this book allows it neatly to fill the gap between 
the necessarily cursory coverage of the head and neck given in 
the standard textbooks of radiology and the more specialized 
books such as Computed Tomography and Magnetic Resonance 
Imaging of the Head and Neck by Mancuso and Hanafee (2nd 
edn). The latter is something of a gold standard and remains the 
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most detailed correlation of CT anatomy and pathology. The 
chapters relating to the head and neck in the first volume of 4 
Textbook of Radiological Diagnosis, although good in parts, are 
remarkably uneven and there is no unified coverage of the head 
and neck. Coverage of this complex subject in Grainger and 
Allison’s Diagnostic Radiology is far better and the illustrations 
used are of the highest quality. Overall, June Unger’s book is the 
most comprehensive although it does not quite achieve the 
detail of Mancuso and Hanafee. 

Although there should be no argument about which struc- 
tures comprise the head and neck, the inconsistency with which 
the parathyroids and thyroid gland appear in the texts men- 
tioned above is surprising: they are not included in this book. 
which is a pity. My only reservation is the rather sparse 
references (not surprisingly almost all American} given in the list 
of suggested further reading at the end of each chapter: only six 
are cited at the end of the beautifully illustrated chapter on 
facial trauma. Nonetheless, this is a superb effort which is well 
worth its price of £45.00. 

Davin HANSELL 


Interpretation of the Chest Roentgenogram. By M. 1. Landay, 
pp. x + 189, 1987 (Little, Brown and Co., Boston), £16.75. 
ISBN 0--316-51352-0 

The ttle of this little soft-backed book betrays its North 
American origins to any British reader. It is a delightful, 
profusely illustrated synthesis, full of concentrated wisdom. 

Dr Landay has aimed his text at physicians, medical students 
and other health professionals. To any radiologist who is 
regularly involved in a similar spectrum of teaching it will be 
clear that the book is not totally suited to all its intended 
recipients. Physicians, surgeons and trainee radiologists — yes, 
but for undergraduate medical students — no. It relies on a 
certain level of knowledge and experience that these students do 
not possess. 

The author, who may have provided excellent radiographs, 
has been let down by indifferent reproduction of the images. In 
some cases, it is not possible to see the object of interest despite 
lavish use of arrows and similar optical aids. In future editions 
the publishers might also consider placing text on left-hand 
pages and relevant images on right-hand pages so that readers 
do not constantly have to keep turning over pages to find the 
picture referred to in the narrative. 

Dr Landay might consider advancing Chapter 16, on general 
guidance to observers of chest radiographs, to say Chapter 3 
position, omitting the case reports, which add nothing to the 
important points he makes. 

Allin alla useful addition to radiological teaching which can 
be recommended to candidates for the United Kingdom 
Radiological Fellowship and the hordes of amateur radiologists 
who inhabit the wards of every hospital. 

J. P. OWEN 


Manual for the Videofluorographic Study of Swallo wing, By Jeri 
A. Logemann, pp. ix + 71, 1986 (Taylor & Francis Ltd. 
London), £16.00. 

ISBN 0-85066-635-X 

If, like me, you are not really “au fait’ with disorders of 
deglutition, then in this manual your prayers are answered. Jeri 
Logemann leads you, step by step, through 63 pages in which 
everything is explained so clearly and simply that frankly it’s 
beyond embarrassment. The author explains the rationale and 
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procedure for the use of the conventional and the modified 
barium swallows. indicating the anatomy and physiology of the 
oral cavity and pharynx during deglutition. A useful 
“worksheet” at the back of the book is included, and this acts as 
a check list to ensure that each facet of the examination is 
observed and hence assessed. 

It is a pity that an index is not included so that one can refer 
io a particular aspect quickly, and also that there are no details 
of management or therapy for the various swallowing disorders, 
but this latter criticism is no doubt due to a previous publication 
on the subject by this author. Having said that, I think this book 
should be read by radiologists, radiographers and associated 
hospital staff concerned with swallowing and speech disorders. 

T. VIRJEE 


Transvaginal Sonography. Ed. by Han E. Timor-Tritsch and 
Shraga Rottem, pp. xvii + 165, 1988 (Heinemann Medical 
Books, London), £29.95. 

ISBN 0-433-00038-4 

This multi-author text has been produced following the intro- 
duction of one particular manufacturer's transvaginal ultra- 
sound machine into their department and as such is very much a 
review of the capabilities of this particular machine. There is a 
short chapter on the physics of ultrasound with consideration of 
the particular features of the vaginal probe. There is a very good 
chapter dealing with the examination itself in considerable detail 
and giving helpful practical hints. The remaining chapters deal 
separately with each of the organs in the pelvis followed by the 
assessment of early pregnancy both normal and abnormal and 
finally chapters on ectopic pregnancy and a short chapter on the 
use of transvaginal sonography in infertility. 

The quality of the illustrations is extremely good and the text 
is a good introduction to the possible uses of transvaginal 
sonography. There is some emphasis on the advantages of 
transvaginal sonography over transabdominal ultrasound but 

th the exception of the section on the uses in infertility, the 
authors do not attempt to give a judgement on how this affects 
clinical management in practice. The difficult problem of the 
adnexal mass is approached from the specific appearances of 
each pathological entity which means that from the practical 
point of view, it does not help in differentiating one condition 
from another when faced with a mixed-echo mass. 

Overall the book gives a good introduction to the technique 
but a more critical appraisal of the place of transvaginal 
ultrasound in clinical practice and more emphasis on the 
commoner uses of the technique would have made an even more 
valuable text. I am sure this book will be of great interest to 
those considering taking up this technique. 

D. W. PILLING 


Percutaneous Biopsy, Aspiration and Drainage. By J. G. 
Letourneau, M. K. Elyaderani and W. R. Castañeda-Zuñiga, 
pp. x + 168, 1987 (Year Book Medical Publishers, Chicago), 
£38.50, 
Unfortunately, | cannot enthuse about this book edited by three 
North American radiologists. Its stated main goal is to provide 
a concise practical guide to biopsy, aspiration and drainage for 
the practising radiologist. In effect, the advice is often foe 
concise and insufficient emphasis is placed on possible severe 
complications of procedures. 

The first and longest chapter is the best, covering general 
considerations of percutaneous biopsy and drainage. Many of 
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the biopsy instruments and drainage sets used in the UK are 
included. Although the 14 F Trucut needle is included, there 1S 
no mention of newer automatic biopsy systems using a smaller 
gauge Trucut, nor any suggestion of a cytologist or cytotechni- 
cian being present at the time of aspiration biopsy using a fine- 
gauge needle. 

Succeeding chapters cover biopsy in specific body regions and 
are well illustrated. It seems curious to have devoted 25 pages to 
percutaneous biopsy of kidneys and adrenals and drainage of 
perinephric collections and only five pages to percutaneous 
biopsy and drainage of pelvic masses. | was amazed that 
haematuria was not listed as a complication of renal biopsy and 
that the occasional necessity for embolization following liver or 
renal biopsy was not mentioned in text or index. 

Virtually all of the references are pre-1985, and are non- 
European. It is surprising that there are none at all from the two 
main British journals of radiology, where there have certainly 
been key articles in areas such as biopsy of chest masses. 
Excluding references, there are 138 pages of text, which makes 
the publication expensive. 

ROBERT Dick 


Safety and Efficacy of Radiopharmaceuticals 1987. Ed. by K. 
Kristensen and E. Norbygaard, pp. xiv + 371, 1987 (Martinus 
Nijhoff, Dordrecht), DA 210.00, $100.00, £64.00. 


European Symposium on Radiopharmacy and Radiopharma- 
ceuticals, organized by the Danish Society of Clinical Physio- 
logy and Nuclear Medicine under the auspices of the European 
Joint Committee on Radiopharmaceuticals of the European 
Nuclear Medicine Societies, held in Elsinore, Denmark, in May 
1987. 

The book contains 27 chapters addressing issues such as the 
design and development of radiopharmaceuticals based on 
monoclonal antibodies, the new “Tc”-labelled radiopharmaceu- 
ticals such as the brain, cardiac and renal agents, a review of 
labelling methods with radioactive iodine and radioactive 
indium lll, a perspective on animal models used for the 
evaluation of radiopharmaceuticals, discussion on the specifica- 
tions and quality control methods for labelling cells and pro- 
teins, a discussion on the legal aspects of the introduction of new 
radiopharmaceuticals, the interaction between industry, hospi- 
tal and government authorities, the design of hospital radio- 
pharmacies, and a discussion on current trends in the training 
and education of pharmacists in radiopharmacies. 

In contrast to so many other congress proceedings books, 
which are often put together in a hurry and contain very little 
useful information, this book is extremely well presented, has 
been published very rapidly after the conference, and contains a 
wealth of useful data. It is highly relevant in the fields of 
radiopharmacy and radiochemistry, but it also addresses issues 
which are of direct interest to the practising nuclear medicine 
physician or radiologist, with an interest in radioactive tracer 
work. 

The practice of nuclear medicine is changing in that far more 
complex radiopharmaceuticals are being utilized in man today. 
The pace of development is rapid with new technetium-labelled 
tracers appearing in the fields of brain, heart and kidney work, 
protein (antibody) and cell labelling in particular. We feel this 
book is an essential addition to the library of nuclear medicine 
departments, and we would without hesitation recommend this 
book to libraries. 

P. J. ELL 
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Chernobyl: The Real Story. By Richard F. Mould, pp. xiv + 256, 
1988 (Pergamon, Oxford), £25.00. 

ISBN 0-08-0357 18-0 

This book is well titled, as Richard Mould is. among scientists, 
an outstanding story teller. He has used his personal links within 
the Soviet Union to assemble what must be the definitive 
collection of photographic records of the response to the 
Chernoby! nuclear accident. In his preface he states that his 
objective was to produce an historical account of what 
happened before, during and after the accident, rather than 
embroiling himself in the political issues of the implications of 
the Chernobyl accident for future exploitation of nuclear power. 
The Dickensian quotation “Now, what F want is facts” with 
which he begins is singularly apposite. The plant itself is 
described, as is the city and environment of Kiev. The accident 
itself is discussed chronologically, using as Hs source the 
extensive documentation provided by the Seviet Delegation at 


1986, held at the FAEA in Vienna. In addition, he carried out 
hours of tape-recorded interviews and this material is efficiently 
included. 

The chapter on the victims is spine-chilling, but factual. 
Further chapters cover the evacuation of the surrounding area, 
the decontamination of the environment. the influence of 
radioactive material released in the Chernoby! accident on the 
food chain, and finally the entombment of the damaged reactor. 
Basically, this is a source book: in many ways it Is a reporter's 
notebook annotated with an amazing range of 
photographs—-some more relevant than others but all full of 
interest. It can be read at many levels, from that of a fascinating 
(if perhaps morbidly so) traveller's tale, to that of a serious 
attempt at an annotated bibliography for the benefit of future 
historians of the nuclear age. It reflects perfectly the enthusiastic 
and irrepressible nature of its writer. 

R. J. BERRY 


lonizing Radiation Exposure of the Population of the United 
States. NCRP Report 93, pp. vin +87, 1987 (National Council 
for Radiation Protection, Bethesda. MD), $15.00. 
ISBN 00-913392-9] -X 
This report aims to provide a comprehensive data base and dose 
assessment for exposure to radiation of the population of the 
USA. Every possible significant source has been considered and 
evaluated in making estimates and drawing up tables. These 
sources have been included within one of six categories which 
form the major sections of the report. Sandwiched between an 
introduction and a Summary and Conclusions, the sections are 
as follows: 
“Public Radiation Exposure from Natural Background”; 
dealing with naturally occurring radionuclides in the 
environment, external cosmic radiations and natural isotopes 
in the body. 
“Occupational Exposure”; from radioactivity used in a 
medical, scientific or industrial context. 
“Public Radiation Exposure from Nuclear Power 
Generation”; covering the whole fuel cycle from mining, 
enrichment, fabrication, utilization, storage to transportation 
and reprocessing. 
“Public Radiation Exposure from Consumer Products”; 
deals with devices which use or produce low-level radiation in 
their operation, for example radicluminescence, smoke 
detectors, and tobacco products. 
“Public Radiation Exposure from Miscellaneous 
Environmental Sources”; specialized sources not covered tn 
previous sections, and including certain factories, chemical 
and smelting operations and some military and scientific 
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research facilities. Also included here is a sub-section on fall- 

out from nuclear testing. 

“Public Radiation Exposure from Medical Diagnosis and 

Therapy”: hospital and dentistry sources. 

Most of these sections either have been, or will be, the basis 
for more detailed individual reports. 

To generalize for “the public” (the US population in 1980 was 
2.3% 108) in the face of enormous individual exposure 
variations in a meaningful way is a formidable task. The various 
committees responsible for compiling the sections have made a 
valiant and thorough assessment on the basis of data currently 
available, at the same time recognizing and admitting the 
uncertainties and limitations which inevitably exist in such an 
exercise. They have also made recommendations for 
improvements both to provide better source material and, where 
possible, to indicate situations where exposure reductions might 
be made. 

Bearing in mind the uncertainties, the summary tables 
indicate that when all sources are considered, &2% of the 
average effective dose-equivalent for the American person 
comes from natural sources (55% from radon). Of the 18% 
man-made sources, 11% is from medical X rays and a further 
4% from nuclear medicine. Radiation from all other sources 
constitutes the remaining 4% (nicely illustrated by a pie-chart, 
Fig. 8.1). 

The Introduction (supported by a glossary) includes a section 
defining the various units used in the text, and their application. 
It is essential to grasp these before setting out to read the rest of 
the document or to attempt to interpret the tables. The reference 
list is also helpful to the English reader as an aid to interpreting 
the “initialese” which clearly plagues American governmental 
processes as it does British ones! 

This is a reference work: not a text-book or for the general 
reader. Obviously it is of limited application in a non-American 
context, but will doubtless be a valuable compendium to those 
involved in environmental protection. 

Jouns R. K. SAVAGE 


Lung Cancer Risk from Indoor Exposures to Radon Daughters 
(Annals of the ICRP. Publication 50). Ed. by H. Smith, 
pp. vil + 60 (Pergamon Press, Oxford), £15.50, $25.00. 


This report of a Task Group of the International Commission 
on Radiological Protection is specifically concerned with indoor 
exposure to inhaled radon and radon daughter nuclides, and 
therefore with exposure of members of the public. [t follows on 
from a previous report by the same Task Group, ICRP 
Publication 32 (1981), which dealt, however, with limits to 
inhalation exposure of radon for workers such as uranium 
miners and similarly exposed groups. For these workers, in the 
past. exposure was high enough to produce a significant excess 
incidence of lung cancer. 

The topic of this report has been the subject of much debate 
and indeed public concern. It is therefore to be welcomed that 
the ICRP has produced a very detailed and thorough analysis of 
the potential risk faced by the public. a risk that may well be on 
the increase simply because of improvement in the quality of 
housing in some countries. In a sense it will be for the reader to 
judge the weight that should be placed on the risk from indoor 
radon levels: the dosimetric considerations presented in the 
report, coupled to risk coefficients for lung cancer that are 
derived inter alia from the uranium miners, lead via the ICRP 
system for risk evaluation to the conclusion that a significant 
fraction of observed lung cancer frequency may be attributed to 
this cause. At the same time, the admittedly limited 
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epidemiological information now available does not yet firmly 
establish radon as a significant factor in variations in regional 
jung cancer incidence. As more such studies are reported, the 
subject will no doubt receive fresh attention. 

The report reviews the environmental sources and levels of 
radon inside buildings. All the complicating factors in assessing 
the radon risk are fully discussed, including smoking as the 
dominant cause of lung cancer generally, and the differences 
governing exposure indoors as compared with in uranium 
mines. There is also an extensive treatment of the relative vs. 
absolute risk projection models, as applied to this problem. 

By its thoroughness, this report is directed at an audience well 
versed in both the dosimetric analysis and the epidemiology of 
radiation risks. Nevertheless the arguments are clear and there is 
a useful appendix covering the necessary expressions and units 
used. as well as an excellent bibliography. There are very few 
typographical errors and the report is a valuable addition by 
which the Annals of the ICRP has reached its half-century. 

G. PATRICK 


Data for Use in Protection Against External Radiation (Annals 
of the ICRP. Publication 51). Ed. by H. Smith, pp. xi + 132, 
1987 (Pergamon Press, Oxford), £31.00, $50.00. 


This 13l-page ICRP Publication S51 is very useful for a rather 
specialized readership, but will not be required routinely by all 
medical physicists. However if for no other reason than itis an 
ICRP Report, it ought to be purchased for the libraries of all 
medical physics departments. 

Chapter 2, “Recommendations for the Limitation of External 
Radiation’, extends over only three pages and is mainly extracts 
from earlier ICRP reports such as ICRP 26 (1977) and its later 
modification. Chapter 3 is entitled “Determination of Dose 
Distribution in The Human Body” and includes a section on 
phantoms of the human body which has a table recommending 
phantoms for measuring and calculating dose distributions, and 
sections on transport calculations and irradiation geometries. 
Chapter 4, “Conversion Coefficients for idealized 
Circumstances”, is the longest, and includes data for photons, 
muons, pions, neutrons, protons and for electrons. The section 
on photons (4.3), which is, I suspect, that relevant to most BJR 
readers, has sub-sections: anthropomorphic phantom, ICRU 
sphere, skin and eyes, and high energies. The section on 
neutrons (4.6) also gives ICRU sphere and anthropomorphic 
phantom. Electrons are dealt with on only one and a half pages 
and four paragraphs. Chapter 5, is “Application of the 
Conversion Coefficients”, 

The objective of ICRP $I is “to provide information and 
advice on the relationships between radiometric, dosimetric and 
radiation protection quantities for external radiation and on 
their practical utilisation”. However the cautionary note IS 
sounded, in that “because of the large amount of data available 
for some types of radiation and the high rate at which they are 
being generated, change and refinement are inevitable, and 
responsible authorities should not hesitate to use more 
appropriate data as they become available”. ICRP SI also states 
(paragraph 2), that the main reason is “to adapt the data and 
the underlying approach to ICRP 26 (1977) and later relevant 
modifications’ when considering ICRP2! (1973), which 
contained data for protection against ionizing radiation from 
external sources, on the relationships between various radiation 
quantities and on shielding properties of various materials; 
ICRP 33 (1982) also contains some shielding data. 

ICRP 51 also contains five appendices on Quantities and 
units, Transport calculations, Organ dose-equivalent data, 
Application of dose-equivalent quantities, and, reproduced 
directly from ICRP 21, Quality factors of charged particles. 
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There are many tables and illustrations and in particular there is 
a lengthy Table extending over 12 pages for “Organ dose 
equivalent per unit fluence for photons incident in various 
geometries on a male anthropomorphic phantom” (part of the 
table for a male phantom and part for a female phantom), and a 
Table for neutrons, rather than for photons. In summary, 
therefore, if you already have ICRP2! and 33 on your 
bookshelves, and have actually have used them, then it will be 
worthwhile spending £31 on ICRP S1. Otherwise, recommend a 
library to purchase it. 

R. MouLp 


Protection of the Patient in Nuclear Medicine {Annals of the 
ICRP. Publication 52). Ed. by H. Smith, pp. xii +37, 1987 
(Pergamon Press, Oxford), £15.50, $25.00. 

ISBN 0-08-0033 188-2 

ISSN 0146-6453 

All physicians and physicists involved in the specialty of nuclear 
medicine ought to purchase this Publication, which includes a 
statement from the 1987 Como meeting of the ICRP. It has been 
prepared by a Task Group of Committee 3 of ICRP and 
contains six chapters whose titles and sections clearly define its 
scope. 

For example, Chapter 2 is “Guidelines to Good Clinical 
Practice” with (2.1) Diagnosis and (2.2) Therapy. Chapter 3 is 
entitled “Education and Training” and includes information for 
the nuclear medicine physician, the medical physicist, the 
nuclear medicine technologist and the radiopharmacist 
radiochemist and nurses. In Chapter 4, “Estimates of Absorbed 
Dose", the topics include formalism for calculating mean 
absorbed dose in organs, uncertainties in biokinetic and 
dosimetric data and effective dose-equivalent. Chapter $ is one 
of the longest, and deals with “Design of Facilities, 
Instrumentation, Quality Assurance and Control”, covering 
many topics. such as laboratory design and storage areas for 
radioactive waste. The section on quality control has 13 sub- 
sections for all the useful instruments such as activity meters, 
probe systems and gamma cameras. In addition, SPECT 1s 
included, together with positron-emission tomography and data 
processing systems. The final chapter is on 
“Radiopharmaceuticals: Preparation and Quality Assurance”. 

There are some three pages of references, but with such a 
comprehensive list of contents, the bibliography is obviously far 
from being complete and up to date on all the topics covered. 
Indeed. with a total of only 37 pages, no more than brief 
statements can be included for some sections/sub-sections. 

There are only four tables, but these are of interest: “Cancer 
mortality risk estimates by site” for red bone marrow, lung, 
breast, bone surfaces and for the thyroid; “Methods used for the 
reduction of organ doses in various nuclear medicine 
procedures” where the organ in question is either the bladder 
region, thyroid, bowel, kidney or gallbladder: “Hilustration of 
dose-rates at various distances and times from a typical adult 
patient after administration of a radiopharmaceutical”, for 
bone, liver and myocardial scintigraphies and for blood pool 
determination, and “Absorbed dose and effective dose- 
equivalent per unit administered activity in normal adults. This 
useful table contains the following function or organ examined: 
bone, renal, thyroid, liver (+ gallbladder), brain, lung, heart, 
abscess, thrombi, pancreas, adrenals, spleen and 
gastrointestinal tract. ICRP 52 has only one illustration, a 
schematic representation of the value of diagnostic information 
as a function of amount of administered activity. It would be 
interesting to have a series of such figures for different 
investigations but with quantitative data. In summary. 
therefore, this is an essential item for your library of nuclear 
medicine books, reports and papers. 

R. F. MOULD 
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The Management of Bladder Cancer. Ed. by Derek Raghavan, 
pp. xiv + 338, 1988 (Edward Arnold, London), £29.50. 

ISBN 0-7131-4528-5 

This commendable compact volume is the j2th in the 
publishers’ series of oncology-related titles. The editor has 
marshalled the contributions from 37 authors from seven 
countries and three continents to produce 17 chapters covering 
advances in the biology and pathology of bladder cancer, 
perspectives on current management as practised in Europe, 
North America and Australia, and an evaluation of the role of 
the newer combinations of cytotoxic chemotherapy and 
prospects for improved management in the future. In his preface 
the editor describes the management of bladder cancer as 
“evolving through a renaissance” and sets out to present a 
broad perspective of the innovations and approaches to the 
practical management of urothelial malignancy, to resolve some 
of the controversies about what constitutes “optimal 
management”, and to provide the practising clinician with an 
overview to assist in the management of this group of 
neoplasms. H is clearly not possible in a book of this size to 
cover all topics in exhaustive detail, but references are 
comprehensive and up to date (all chapters are referenced until 
at least 1985) which allows ready access to further detail when 
this is required. It would have been inappropriate for the editor 
to try and reach a complete consensus on the optimal 
management of either superficial or invasive bladder cancer but 
he has balanced the contributions on the use of surgery, 
radiotherapy and chemotherapy without introducing undue 
bias and has achieved a consistent concise style to the text 
without undue repetition of content between the various 
contributions. 

The first three chapters cover advances in the biclogy and 
pathology of urothelial cancer. Recent studies using electron 
microscopy, tumour markers including monoclonal antibodies, 
flow cytometry and cytogenetics are outlined and the developing 
role of oncogenes in bladder cancer is discussed, although in 
such a concise manner as to be difficult for the non-specialist to 
follow. This is a field of rapidly developing interest, and 
coverage of some of the basic techniques involved would have 
been helpful. Experimental models are essential for laboratory 
studies of bladder cancer as well as for chemosensitivity testing. 
and the various approaches using spontaneous or induced 
animal tumours, the growth of murine or human bladder cancer 
in tissue culture, and xenografted human tumours in nude mice 
are described. 

Current clinical practice and the controversies surrounding 
the management of superficial or invasive bladder cancer are 
presented in six chapters. These are based soundly upon the 
extensive clinical experience of the contributing authors but 
serve to demonstrate the wide variation in current clinical] 
practice. The natural history and prognostic factors relating to 
the progression of superficial bladder cancer are dealt with in 
detail. The use of intravesical chemotherapy is described 
(although the specialist chapter on this subject makes no 
mention of epodyl) and the results and limitations of clinical 
trials with these agents and of BCG are fully discussed. For 
invasive bladder cancer the surgical and radiotherapeutic 
management alternatives are described, with no attempt to 
disguise the difference of approach in Britain and North 
America. The history of radical cystectomy is documented, 
together with the marked improvement in morbidity and 
mortality that has occurred over the last two decades. Emphasis 
is given to advances in surgical technique and new approaches in 
potency-preserving procedures and continent urinary diversion. 

In the section on innovative approaches, intraoperative 
radiation therapy. radiation sensitizers and chemotherapy/ 
radiation combinations are mentioned, but the potential of 
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altered fractionation techniques using either hyperfractionation 
or accelerated fractionation is ignored, which is unfortunate as 


improvements in tumour modelling may allow fruitful 
collaboration between the laboratory and the clinic m 


determining optimal radiation schedules. 

A further six chapters document developments in cytotoxic 
chemotherapy. The mechanism of action, pharmacology and 
toxicity of individual agents are described, together with results 
of phase one and phase two studies. The exciting early 
experience from North America using combination 
chemotherapy in metastatic disease is presented, together with 
an excellent and timely reminder of the difficulties in assessment 
of response and importance of standardization of response 
criteria, which emphasizes the importance of clear design and 
evaluation of clinical trials. Chapters are devoted to the 
important issues of chemotherapy to the elderly patient and the 
development and validation of assessments of quality of life, 
The editor describes the rationale and initial experience of neo- 
adjuvant chemotherapy and the current EORTC trials are 
summarized. 

Overall this is a well produced and enjoyable book to read, 
and sections will appeal to urologists. radiotherapists and 
oncologists, medical oncologists and laboratory workers 
wishing to get a feel for current clinical practice. At under £30 it 
represents good value and should find its way into many 
individual as well as institutional libraries. 

D. P. DEARNALEY 


Management of Advanced Cancer of Prostate and Bladder. 
(Progress in Clinical & Biological Research Vol, 260: EORTC 
Genitourinary Group Monograph 4). Ed. by Philip H. Smith 
and Michele Pavone-Macaluso, pp. xxiii + 658, 1985 {Alan R. 
Liss, New York), $120.00. 

ISBN 0-8451-S110-X 

This volume is in two sections. The first and shorter part 
(134 pp.) is devoted mainly to the hormone treatment of 
advanced carcinoma of the prostate. The 12 chapters derive 
from presentations at an EORTC symposium held in Leeds in 
October 1986, and include reviews of total androgen blockade 
(Labrie et al), LHRH-analogues in Dutch studies (Debruyne et 
al) and a thoughtful interim analysis of MRC Trials (Kirk). 
Three EORTC trials are reviewed. The published comparative 
studies of cyproterone acetate (CPA), medrox yprogesterone 
acetate, estramustine phosphate and low-dose 
diethylstilboestrol (DES) are summarized by deVoogt et al, who 
also discuss response criteria though unfortunately not 
including prostate-specific antigen. A preliminary report on the 
trial comparing orchidectomy (O), O+CPA and DES (| mg/ 
day) is presented by Robinson. The cytotoxic chemotherapy of 
prostatic cancer is dealt with in only two pages, in contrast to 
two detailed and rather promotional chapters from 
pharmaceutical company laboratories on new hormonal agents. 
Wide-field radiotherapy and systemic radioisotopes are not 
discussed at all. 

The second part of the volume is on bladder cancer (505 pp.) 
and derives from a course on urological oncology held in Sicily 
in December 1986. It starts strongly, with a lucid introduction to 
the cell and molecular biology of bladder cancer by Brosman. It 
was difficult to discern a common theme in the remainder of the 
sub-section entitled “Biology and Research”, which also covers 
interferon and EORTC chemotherapy trials in superficial 
bladder cancer, and a presentation optimistically entitled “/n 
vitro synergism of radiation and chemotherapy”. Other sub- 
sections are: “Diagnosis in Staging”. “Surgery-~Radical 
Cystectomy”. “Urinary Diversion, Surgery with Preservation of 
Sexual Function”, “Radiotherapy”. “Chemotherapy” and 
“Adjuvant and Neo-adjuvant Chemotherapy”. These sections 
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provide an excellent overview of the diverse approaches to 
management of local advanced T2-T4 bladder cancer. Though 
some highly topical subjects such as the use of M-VAC neo- 
adjuvant chemotherapy have already been updated in recent 
journal articles, the principles and data remain a useful and 
comprehensive compendium of trials in this important multi- 
modality area of oncology. The chemotherapy of metastatic 
disease is also well represented, with the exception of the CMV 
regimen. 

The volume as a whole is a useful addition to the libraries of 
all clinicians involved in clinical research on invasive and 
metastatic bladder cancer or on the hormone treatment of 
advanced prostatic cancer. Cover of other subjects is often 
interesting but not comprehensive. The motif of individual 
chapters was more often a presentation of results of one group's 
approach than an attempt at balanced review of the relevant 
feld. The volume is therefore a poor introduction for clinicians 
first entering urological oncology, but a valuable reference for 
those who already have a mature view of treatment alternatives. 
The breadth and variety of short presentations leads to an easily 
digestible and entertaining book; however, the brevity of some 
chapters was frustrating and there is no doubt that some would 
not Have been acceptable in a peer-reviewed journal. The 
volume is up-to-date and good value for money and can be 
recommended both for individual purchase and for oncology 
Hbraries. 

A. HorwicH 


Mesothelioma, Diagnosis and Management. By C. Frederick 
Kittle, pp. xii + 106. 1987 (Year Book Medical Publishers, 
Chicago), £35.50. 


ISBN G-8151-5095-4 
This short book concerning the diagnosis and management of 


trainee physicians and oncologists. 
PETER BLAKE 
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International Agency for Research on Cancer. Biennial report 
1986/87, pp. x + 225, 1987, (IARC, Lyon, France). 

ISBN 92-832-1087-5 

The main interests of the IARC continue to be cancer aetiology 
and prevention, but within these fields the research undertaken 
at Lyon, and also in the international collaborative studies 
supported by the Agency, cover a very wide range of disciplines 
varying from descriptive epidemiology to molecular genetics. 
This report includes summaries of all the projects undertaken by 
the Agency during the last 2 years. Summaries are fairly concise, 
but in general they include all the most important data. They are 
grouped under three main headings: I—Studies on Etiology and 
Prevention, H-—Studies on Mechanisms of Carcinogenesis, 
111---Data Collection and Research Methods. 

The first section includes a number of geographical surveys of 
cancer incidence, some of which have led to the production of a 
new volume of the classic Cancer Incidence in Five Continents, 
For this work the Agency continues to help establish and 
support cancer registries im many developing countries 
throughout the world. Aetiological studies are both 
epidemiological and laboratory-based. Some are concerned 
with determining the risk factors for cancer associated with 
various environmental and occupational hazards. Others are 
site-oriented studies seeking to identify the important risk 
factors for many of the common epithelial cancers. Tissue 
samples collected from cases identified by some of the 
epidemiological surveys provide material to support 
experimental studies of genetic linkage. and also studies of the 
role of viruses and cytogenetic anomalies in the aetiology of 
cancer. Section H is concerned with experimental studies of 
DNA damage and repair, and mechanisms of cell 
transformation and of tumour initiation and promotion in 
mammalian cells. Section HI discusses the work of the Agency 
in attempting to improve international data collection and 
analysis. It includes methods for cancer registration, methods 
for statistical analysis of epidemiological and screening studies, 
and mathematical modelling of carcinogenesis. Quite a large 
section on methods for the detection of environmental 
carcinogens is also included. 

The report is very well written and presented. Because of the 
broad scope of the research conducted from Lyon there will be 
something of interest here for most scientists and clinicians 
involved in cancer research; however, much of the original work 
will be published elsewhere in greater detail. This book will 
therefore be of most value to epidemiologists and workers in the 
field of carcinogenesis as a catalogue of the many international 
studies in progress and of the data bases in use. Its purchase by 
the libraries of cancer research institutes is recommended. 

JUDITH DEACON 
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Abstract. Sixty-two patients with different temporal bone lesions were prospectively examined by high-resolution computed 
tomography (CT) and conventional plain radiography, including pluridirectional tomography. High-resolution CT enabled a 
clear diagnosis in 80% of cases, conventional radiology in 63%; 1.6-times more bone information was recorded by high-resolution 
CT which is clearly superior for imaging cholesteatomas, metatastases and inflammatory processes and for evaluating osseous 
destruction. With regard to pathological soft tissue or effusions filling the tympanic cavities, conventional radiology shows poor 
sensitivity (0.61). High-resolution CT is the most sensitive method for the imaging and classification of temporal bone fractures, 
including labyrinthine damage and ossicular chain injuries. Only in cases of atypical fractures with an unfavourable relationship to 
the CT planes, can carefully directed tomography be more effective. In most cases high-resolution CT replaces conventional! 


radiology and should be the method of choice for comprehensive 


Radiological evaluation of the petrous bone is difficult 
owing to the complicated anatomical structure of the 
middle and inner ear. Because of different spatial 
arrangements of the anatomical structures, multiplanar 
views are required. 

The topography as well as the smallness of many 
structures limit the imaging possibilities. Radiological 
imaging of the petrous bone must meet high standards of 
topographic representation and spatial resolution. In 
conventional radiological procedures, there exist a 
number of special projections for optimal representation 
of particular structures but they are often diagnostically 
insufficient and additional tomographs in one or more 
planes are necessary. 

Thin-section, high-resolution computed tomography 
(CT) with modern equipment allows, by means of special 
algorithms, imaging of osseous structures up to a spatial 
resolution of 0.45-0.65mm. However. without 
additional equipment, CT cannot reproduce the various 
projections of conventional radiological procedures. In 
routine diagnosis, CT is limited to standard axial and 
coronal images. However, high-resolution CT has the 
advantage of excellent topographic visualization, devoid 
of artefacts from superimposition of structures. All 
relevant parts of the petrous bone are represented with 
high sensitivity and there is considerably less skin and 
eye lens exposure than with conventional tomography 
(Chakeres & Spiegel, 1983; Köster & Ewen, 1986: Fritz et 
al, 1987). 

Numerous CT studies deal with the identification of 
anatomical details and the appearance of various lesions 
Se eg a 
Address correspondence to: Dr P. Fritz. Radiologische 
Universitatsklinik, Kopfklinikum, Im Neuenheimer Feld 400, 
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radiological examination of the temporal bone. 


of the petrous bone (Chakeres & Spiegel, 1983: Swartz et 
al, 1983a,b; Zonneveld, 1983; Zonneveld et al, 1983. 
1984; Damsma et al, 1984; Köster et al, 1984: von König 
& Kurtz, 1984; De Groot et al, 1985; Mafee et al 
1985a, b; Köster & Straehler-Pohl, 1986; Welleschick & 
Salomonowitz, 1986; Fritz et al, 1987) but there are few 
published studies comparing conventional radiological 
procedures with CT. Brunner et al (1986) consider plain 
radiographs and tomographs sufficient for assessment of 
chronic otitis media, malformations and fractures. Imhof 
et al (1986) see the need for CT mainly in the 
investigation of malignant disease and in the pre- 
operative evaluation of cholesteatoma. In the case of 
petrous bone fractures, CT should be performed only if a 
complication is suspected. According to Virapongse et al 
(1983), bone destruction by cholesteatoma was more 
readily diagnosed by conventional tomography. The 
latter and CT were of equal value in diagnosing fractures 
with or without dislocation of the middle ear ossicles. 
There is agreement on the superiority of CT in the 
visualization of soft-tissue structures and of fluid 
collections. 

Most studies regard the main role of CT as an adjunct 
to conventional radiology and the conflicting 
conclusions probably reflect the different techniques 
employed and the small number of patients examined. 

This paper will contribute to the discussion of the 
value of conventional and computed tomographic 
procedures in middle and inner ear diagnosis. 


Materials and methods 

Sixty-two patients with different petrous bone lesions 
were prospectively examined (Table I). Only patients 
with a firm clinical diagnosis established through case 
history, otological examination and audiometry were 
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Table I. Number of patients and clinical diagnoses 





Diagnosis n 


Fractures 23 
Cholesteatoma “ 
Metastases 12 
Otoscierosis 7 
Inflammatory processes 6 
Chronic otitis media (4) 
Chronic mastoiditis (1) 
Labyrinthine osteomyelitis (1) 
Dysplasıa of the external 
auditory meatus 


a 


Total 62 





tested by CT. Petrous bone fractures were most 
common, followed by metastatic deposits and 
cholesteatomas. High-resolution CT as well as 


conventional plain radiographs and tomograms were 
obtained in all patents. 


Computed tomography 

Computed tomography was performed in a 
standardized manner with a GE 8800 unit using 120 kV 
and 320 mA. To minimize the radiation exposure, no 
overlapping or contiguous slices were performed but all 
patients were examined in both axial and coronal planes. 
The distance between slices was 2 mm; the thickness of 
each slice was 1.5 mm. In the axial plane, an average of 
12 slices was taken parallel to the orbitomeatal; in the 
coronal plane. an average of 13 sections was taken. To 
obtain coronal slices free of motion artefacts, we 
examined the patients prone with the head fully flexed by 
means of a special head support. Image reconstruction 
was done primarily with a 1.5 magnifying factor on the 
prospective target mode of the GE high-resolution bone 
algorithm. With this method the spatial resolution of the 
CT image is 0.65mm. The images were recorded at a 
window of 4000 Hounsfield units (HU) and a level 
between 1000 and 2000 HU. 


Table Il. Fractures of the temporal bone (n = 23) 


P. Fritz. K. Rieden. T. Lenarz, J. Haels and K. zum Winkel 





Figure 1. 
Atypical transverse fracture of the base of the temporal bone 
extending to the vestibule and the mastoid (arrowheads). 
Neither axial nor corona! CT planes demonstrated the fracture 
line. 


Stenvers’ view of pluridirectional tomography. 


Conventional X-ray diagnosis 

In conventional imaging, at least two views, either 
Stenvers. Schüller or Mayer, were taken and, in addition, 
tomograms in lateral, modified lateral or antero- 
posterior (AP) projections (coronal plane). The above 
pluridirectional tomography was performed with 
hypocycloid technique using a 2mm distance between 
layers at 6SkV and 75 mA. 

The CT scans and conventional radiographs were 
examined separately by two independent observers. 


Results 
Fractures ( Table II) 

A fracture was diagnosed by CT in 18% more cases 
than by conventional radiology. Of the 16 
conventionally diagnosed fractures, 15 were also 


nnn tt 


or 


20/23 
(1 fn) 
20/20 (100%)’ 


Diagnosis of fracture (87%) 


Classification of fracture 


Labyrinthine injury 8/7 (114%) 
(1 fp?) 

Ossicular disarticulation 1/2 (50%) 
(1 fn) 

Injury to facial canal 1/1 (100%) 


Haemotympanum (n = 10), 12/12 (100%) 


cerebrospinal fluid leak (n = 2) 


Conventional radiology Reference methods” 


16/23 (69%) 23/23 
R/16 (50%) 
aN 

3/7 (42%) 7/23 
0/2 (0%) 2/23 
(2 fn) 

1/1 (100%) 1/23 
13/12 (108%) 12/23 
(2 fp) 


fn = false negative; fp = false positive; f = false classification when compared with CT and reference methods. 
Reference methods: case history, clinical findings, audiometry, surgery (n = 4). "CT findings: 12 longitudinal fractures, five 
transverse fractures, five combined fractures, one atypical fracture. 
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Radiological evaluation of temporal bone disease 


, 


confirmed by CT. In one case, the fracture line was 
evident only in the Stenvers tomogram (Fig. 1). It was 
impossible to recognize the atypical fracture on either 
axial or coronal CT scans. Fractures diagnosed by CT 
were always clearly classifiable whereas by conventional 
means the fracture type could be clearly defined in only 
half of the diagnosed cases. The diagnosis of combined 
fractures was difficult by conventional techniques and 
one of the conventionally diagnosed fractures was 
incorrectly described when compared with the CT image. 

Lesions of the labyrinth or ossicular chain were more 
clearly demonstrated by CT as shown by comparison 
with the audiometric findings (Fig. 2). Out of eight 
patients with labyrinth lesions demonstrated by CT, 
seven had audiometric findings (sensory impairment of 
hearing up to deafness and/or disturbance of vestibular 
function). This group included those patients whose 
labyrinth lesions were diagnosed by conventional 
radiology. In one case, CT showed a fracture line in the 
area of the anterior semicircular canal although there 
was no loss of vestibular function. A lesion of the 
ossicular chain was diagnosed by audiometry in two 
patients and later confirmed at operation. In another 
case, there was rupture of the ossicular chain 
articulations with dislocation of the incus, which had 





(a) 





Figure 2. High-resolution CT 
scan shows a transverse fracture 
with labyrinthine damage 
(arrowheads), The fracture was 
not diagnosed by conventional 
means. 


been correctly diagnosed by CT but not by conventional 
radiology (Fig. 3). In this case there was also a stapes 
fracture which was diagnosed neither by CT nor 
conventional radiology. In a case of primary, partial 
paralysis of the facial nerve, the fracture line running 
through the internal auditory meatus was recognized in 
the CT image as well as in the conventional tomogram. 

An important advantage of CT is the correct 
representation of liquids and soft-tissue masses. Twelve 
patients presented clinically with haemotympanum. 
among these two patients with cerebrospinal fluid loss 
The accumulated fluid was correctly identified by CT in 
all cases. By conventional means, fluid accumulation in 
the middle ear was diagnosed 13 times. However, two of 
the findings were false positive and six were false 
negative. 


Cholesteatoma (Table III) 

The low sensitivity of conventional radiology with 
regard to pathological fluid accumulations and soft- 
tissue structures limits the value of this procedure, 
especially in the case of cholesteatoma. In eight out of 12 
cholesteatoma patients, the diagnosis was confirmed by 
surgery. The clinical findings were obvious in four of the 
patients. A typical, localized, soft-tissue lesion was 





(b) 


Figure 3. High-resolution CT scans, (a) transverse and (b) coronal planes, showing a transverse fracture with discontinuity of the 
ossicular chain and complete dislocation of the incus due to rupture of the incudomalleolar and incudostapedial joint. The long 
process of the incus is displaced into the epitympanum (arrowhead). Body of the malleus {e and incus tem) 
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lable 111. Cholesteatomas (n 12) 


P. Fritz. K. Rieden. T. Lenarz, J. Haels and K. zum Winkel 


a 


CT 


12/12 (100%) 
Bony destruction S/R (62%) 
Ossicular erosion 46 (66% )° 


Solt-tissue tumour 


Conventional radiology Reference methods” 
7/12 (S8%) 12/12 (100%) 
2/8 (25%) tp 8/8 (100%) 
3/6 (50%) tp 6/8 (75%) 





Reference methods: clinical findings, surgery. "True positive. ‘Surgical findings (n = 8) 





(a) 





Figure 4. High-resolution CT scans, (a) axial and (b) coronal planes, showing attic cholesteatoma (X), remnants of the ossicle 
walled in (<a) and erosion of the antrum and destruction of the external auditory canal and the tegmen tympani (©). 


recognized by CT in all patients (Fig. 4). Five false 
negative diagnoses were made by conventional 
procedure, 

Computed tomography was also superior in assessing 
bone erosions. Cholesteatoma masses next to the lateral 
semicircular canal may lead to a closed fistula of the 
canal, which may be opened during surgical procedures, 
leading to senous complications. The prediction of the 
possibility of a fistula of the lateral semicircular canal has 
a decisive influence on the choice of operative approach 





Figure 5. High-resolution CT scan (coronal plane) showing 
metastasis in the temporal bone from bronchial carcinoma and 
destruction of the clivus, internal auditory canal and the middle 
ear wall (arrowheads). Tumour masses are sealing the tympanic 


cavity 
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Computed tomography is also able to visualize the 
spatial relationship to the lateral semicircular canal 


Petrous bone metastases 

In metastatic osteolysis and sclerosis, CT showed a 
superior detection rate of 83% as opposed to 67% by 
conventional means (Fig. 5; Table IV). 


Otosclerosis ( Table V) 

The possibility of otosclerosis was diagnosed 
conventionally more often than by CT, by virtue of 
increased opacification or of seeming resorption zones in 
the labyrinth area. Sclerosis in the area of the footplate 
of the stapes was diagnosed neither by conventional 
means nor by CT. In one case the radiological diagnosis 
was examined at operation. turning out to be false 
negative. The higher percentage of positive findings by 
pluridirectional tomography could be explained by 
artefacts. Conventional tomography is influenced by 
opacification artefacts and the centring of the X-ray 
beam. Faulty positioning of the apparatus which is not 
centred exactly can lead to a seeming difference in density 
of the petrous bone images. 


lable IV. Metastases (n = 12) 





CT Conventional 
radiology 


Osteolyuic/ osteoblastic 10/12 (83%) 8/12 (67%) 
Soft-tissue tumour 3/12 (25%) 4/12 (33%) (1 fp) 


Reference methods: clinical findings, follow-up bone scan; 
fp = false positive when compared with CT 
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Table V. Otosclerosis (n = 7) 


CT Conventional 
radiology 


Qualitative bone change 1/7 3/7 
(lucent sclerotic areas) 
Fenestral sclerosis 0/7 (1 fn) 0 7 (1 tn)* 


Opacification 0/7 
(soft-tissue/effusion) 

SSS 

Reference methods: case history, audiometry, *surgery 

(n= 1). 

fn = false negative; fp = false positive when compared with 


CT 


27 (2 fp) 


Table VI. Inflammatory processes (n = 6) 


CT Conventional 
radiology 


6 


6 (3 fp) 


Resorption zones/sclerosis 3€ 
Opacification 5/6 
(soft-tissue effusion) 


l 
> 
$ 


Reference methods: clinical findings. bone scan 
fp = false positive when compared with CT 


Inflammation 

Computed tomography resulted in more diagnoses 
compared with conventional radiology, confirmed by 
clinical and nuclear medicine findings (Fig. 6; Table VI). 


Stenosis of the external auditory meatus 

Osseous stenosis was diagnosed by both CT and 
conventional radiography. An additional obstructive 
soft-tissue membrane in one of the two cases was 


diagnosed only by CT (Table VII). 





Figure 6. High-resolution CT scan (axial plane) showing 
osteomyelitis of the petrous bone; CT clearly shows areas of 
bone resorption in the lateral semicircular canal capsule 
(arrowheads). No abnormality was discovered on conventional 
tomography. 
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Table VII. Dysplasia of the external auditory canal (n = 2) 
a 


CT Conventional Reference 
radiology methods 
Osseous stenosis 2/2 2/2 22 
Soft-tissue stenosis 1/2 0/2 {1 fn) 1/2 


Reference methods: surgery (n = 2), clinical findings 


The value of conventional radiology to determine 
pathological soft-tissue structures or fluid accumulations 
in the external auditory meatus, tympanic cavity and the 
mastoid air cells was also investigated. Sealing of the air- 
filled cavities of the petrous bone can be diagnosed with 
certainty by CT. However, a clear differentiation 
between solid masses or liquids by means of density 
measurements is not always possible. The small 
dimensions of the air-filled cavities only allow for small 
regions of interest with correspondingly poor count 
Statistics and high standard deviation. In addition. 
adjacent osseous structures lead to partial volume effects 
which can falsify density measurements considerably. 
However, it can always be determined whether the air- 
filled cavities are open or closed. Hence, CT can serve as 
a reference standard for conventionally diagnosed 
opacifications. In 29 out of 62 patients (47%), 
opacification was diagnosed by conventional radiology. 
Compared with CT, eight of these were false positive 
(27%). Thirteen of 33 negative diagnoses were false 
negative (39%). Sensitivity of conventional radiology 
with regard to soft tissue or effusions filling the tympanic 
cavities was 0.61, specificity 0.71 and accuracy 0.66. 


Discussion 

The majority of basic otological diagnoses can be 
made by clinical and audiometric testing. Radiological 
procedures are used to confirm the clinical diagnosis and 
to provide a more thorough pre-operative evaluation. 
An exact radiological diagnosis is of particular 
.nportance in the prediction of complications and the 
topographic representation of petrous bone lesions 
before surgery. Computed tomography is clearly 
superior in the imaging and classifying of temporal bone 
fractures, Only in cases of uncomplicated petrous bone 
fractures is conventional radiology sufficient, provided 
that the fracture can be identified on the plain 
radiograph, 

Conventional tomography should be used as required 
if doubt still exists after CT. This can be the case with 
atypical fractures, where the spatial relationship is 
unfavourable to the CT imaging planes. In the case of 
cerebrospinal fluid loss, the exact identification of the 
fracture line determines the operative approach. In many 
cases it is possible to determine the location of the 
cerebrospinal fluid leak by CT cysternography 
(Valavanis et al, 1986). 

The demonstration of a fracture through the facial 
canal facilitates the decision to undertake a 
decompression operation which might preserve function. 
If a post-traumatic conductive hearing loss of more than 


30 dB persists longer than 2 months, damage to the 
middie ear bones must be considered (Bellucci, 1983; 
Swartz et al, 1985). Radiological evidence of such trauma 
will be the deciding factor in planning a reconstructive 
operation of the ossicular chain. Injury of this kind 
mostly involves the incus (Wright, 1974) and usually 
leads to rupture of the incudostapedial joint (Goodwin, 
1983}. Ossicular chain dislocation and injuries of the 
immer ear can be visualized better by CT than 
conventional tomography. Stapes fractures are mainly 
secondary to dislocation of the incus (Bellucci, 1983) and 
generally cannot be recognized by radiological means 
because anatomical details of the stapes normally cannot 
be determined by high-resolution CT (Miller et al, 1985; 
Fritz et al, 1987). Radiological evidence of labyrinthine 
damage determines the prognosis of post-traumatic 
sensorineural hearing loss (Zonneveld, 1983). 

in cases of cholesteatoma, determination of the exact 
extent of the tumour mass, including bony erosions, 1s 
only possible through high-resolution CT. 
Cholesteatoma masses in contact with the lateral 
semicircular canal threaten the possibility of fistula and 
influence the operative approach. Similarly, CT is 
indispensable when there are metastases within the 
petrous bone. In these circumstances, CT is not only 
more sensitive but visualizes the extent of the tumour 
better than conventional radiology and also provides a 
basis for the planning of radiation therapy. Computed 
tomography is clearly superior in imaging pathological 
soft-tissue and tympanic effusions and therefore should 
be the method of choice for evaluation of obscure 
inflammatory processes. 

The possibility of opacification and centring artefacts 
produced through conventional tomography should be 


iaken into consideration if otosclerosis of the 
labyrinthine capsule is suspected. In fenestral 


otosclerosis, we believe that the spatial resolution of both 
high-resolution CT and conventional tomography is still 
too limited to give clear answers about the status of the 
footplate and the oval window niche. The above 
requirement makes clear the need for accurate and exact 
radiographic diagnosis. At present, CT is the most 
effective means. In our total series, 1.6-times more bone 
findings were recorded by high-resolution CT. When 
compared with CT, conventional radiology shows poor 
sensitivity for evaluation of soft-tissue processes and 
effusions. Computed tomography enabled a clear 
diagnosis in 80% of the cases, conventional radiology in 
63% of the cases. Conventional radiological pro- 
cedures, including pluridirectional tomography, were 
not only less informative but also often led to wrong 
iierpretation. 

Lower radiation exposure as well as the savings in time 
are additional advantages of CT. We believe high- 
resolution CT performed in a standardized manner with 
both axial and coronal planes and 2mm increments at 
14mm thickness will be sufficient for the majority of 
clinical circumstances. Inaccuracy might occur with 
regard to very small, particular structures of the inner 
ear, like the stapes. In our opinion, contiguous or 
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overlapping slices should be reserved for additional, very 
detailed examinations. We conclude that, if available, 
high-resolution CT is the method of choice for a 
comprehensive radiological examination of the temporal 
bone and should replace conventional X-ray diagnosis. 
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Abstract. Femoral neck anteversion is determined by the neck, sh 


aft and knee axes. It is commonly assumed that the neck axis 1s a 


straight line connecting the centre of the femoral head, the centre of the femoral neck and the axis of the femoral shaft. However, the 
line through the centre of the femoral head and neck crosses anterior to the axis of the femoral shaft. A distinction has therefore to 
he made between two principal different definitions of anteversion, denoted ANTEV | and ANTEV 2 in this paper, depending on 
the precise definition of the neck axis. Previous studies have indicated substantial differences between these definitions. The present 
study. using precise measuring methods, shows that the definitions have a systematic but small spread of differences. The large 


individual variation previousls 
lesser extent by real anatomical variations. 


The femoral neck axis is traditionally considered to be a 
straight line connecting the centre of the femoral head 
and the centre of the femoral neck with the axis of the 
femoral shaft (Dunn, 1952; Dunlap et al, 1953; 
Magilligan, 1956; Weiner et al, 1978; Ruby et al, 1979). 
However, the line from the centre of the femoral head to 
the centre of the femoral neck, the head-neck axis. 
usually passes in front of the axis of the femoral shaft 
(Norman, 1969; Grote et al, 1980) and therefore differs in 
principle from the definition using the line from the 
centre of the femoral head to the intersection with the 


axes are used. 

in this work the first angle is denoted ANTEV | and 
the latter ANTEV2 in accordance with Henriksson 
(1980). It has previously been shown that ANTEV 2 iS 
larger than ANTEV 1 (Grote et al, 1980: Henriksson, 
1980; Herrlin & Ekelund, 1983, Reikeras et al, 1985b). 
Previous studies have also shown a large spread of 
differences (Henriksson, 1980; Reikeras et al, 1985b). 

in both practical and theoretical contexts, it is 
important to determine the anatomical and 
biomechanical implications of the two angles. In this 
context, it is the spread of the difference between the two 
definitions that is most relevant. A systematic difference 
can be dealt with by correcting the values and therefore 
has few clinical or biomechanical implications. The 
spread of the differences may, however, indicate 
differences of importance. Such a spread of the measured 
differences may, however, be due to poor precision of the 
measuring methods rather than to real anatomical 
variauions, 

Previous estimations of the difference between these 
iwo definitions have been performed with methods of 
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~ found between the two definitions is therefore caused mainly by the measuring methods and to a 


unknown precision and with various definitions of the 
shaft axis. The data concerning the true differences 
between the two definitions of anteversion are therefore 
unreliable. The main purpose of this work is to estimate 
the differences between ANTEV | and ANTEV2 by 
methods that contribute little to the variation. A 
secondary purpose is to draw attention to the real 
anatomical relationship of the axis of the femoral neck. 


Materials and methods 

The estimations were made on a total of 33 unpaired 
dissected femur specimens removed from adult corpses. 
ANTEV | and ANTEV 2 are defined by the respective 
neck axes described above, by the long shaft axis (the line 
from the centre of the trochanteric mass to the centre of 
the femoral condyles) and by the tangent to the back of 
the femoral condyles. 

ANTEV2 was first measured by a conventional 
method on 17 specimens (Norman, 1965). Two 
radiographs were obtained of the upper ends of the 
femora, one with vertical projection and one lateral. The 
shaft axis was constructed on both radiographs as the 
line from the middle of the trochanteric mass to the 
middle of the femoral condyles. The perpendicular 
distance from the centre of the femoral head to the shaft 
axis was measured and the anteversion was measured by 
a geometrical construction (Fig. 2). The precision of this 
method was determined as the standard deviation of the 
inter- and intrapersonal variation of four sets of 
measurements. 

On all 33 specimens, ANTEV 2 was determined on 
EMI 5005 computed tomographic (CT) equipment. The 
CT slices were made at a right angle to the shaft axis. 
Superimpositions were made of a slice through the centre 
of the femoral head and one through the middle portion 
of the trochanteric mass. The shaft axis was marked as 
the point equidistant from the most anterior and 
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Figure 1. Superimposition of CT slices showing the construction 
of the neck axis according to ANTEV 2 definition (HC—2). On 
the same slice the principal difference between the definitions is 
shown by the neck axis according to ANTEV | (HC-1). The 
difference in inclination of the neck axes by the two definitions 
causes ANTEV | to be smaller than ANTEV 2. (HC =the head 
centre.) The lines from the head centre to points | and 2 are 
ANTEV | and ANTEV 2 neck axes, respectively, and points | 
and 2 are the midpoints of the respective dotted lines 


posterior points on the trochanteric mass (Fig. 1). 
ANTEV 2 was measured as the angle between the neck 
axis and a plane marking the dorsal aspects of the 
femoral condyles. The precision of the CT measurements 
was calculated by the following formula (Colquhoun. 
1971): 


var(A — B)=var A+var B 


The same equation is used to calculate the spread of 


the difference between ANTEV | and ANTEV 2 caused 
by the precision of the two definitions. In this equation 
var(A— B) is the variance (square of one standard 


deviation) of the paired differences between two sets of 


measurements; var A and var B are the variances of the 
precision of the two sets of measurements. 

ANTEV | was determined on all 33 dissected, adult 
femur specimens by a near to direct anatomical 
projection of the angle as previously described (Reikeras 
et al, 1985a) without correcting the values. (This is 
identical to the projection used by Mesgarzadeh et al 
(1987).) The precision of this method was previously 
shown to have a standard deviation of 2.5”. 


Results 

The precision of the conventional method for 
determining ANTEV 2 had a standard deviation of 4.8° 
(mean of the standard deviations of inter- and 
intrapersonal paired differences which were 4.7, 5.4 and 
4.3"). The paired differences between the values obtained 
by the conventional method and by CT had a standard 
deviation of 5.1°. The precision of CT was calculated to 
have a standard deviation of 1.7° (,/(5.12 — 4.82). 
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Figure 2, The geometrical construction for measurement of the 
femoral neck anteversion (angle CAB) by the conventional 
radiographic method. The shaft axis is marked in the shaft. The 
perpendicular distance from the head centre to the shaft axis is 
measured (lines AB and BC). The triangle ABC is constructed 
and the angle CAB, which is equal to the anteversion, is 
measured 


There was a close and linear relationship between the 
definition of ANTEV1 and ANTEV2 (Fig.3). The 
mean paired difference was 4.2°, ANTEV 2 being large: 
than ANTEV 1. The standard deviation of the difference 
was 3.9°. The standard deviation of the difference 
accounted for by the precision of the two definitions was 
3.1” (./(2.52 + 1.7?)). 


Discussion 

Norman (1969) was the first to point out the 
anatomical difference between the head—neck and head 
shaft axes of the femoral neck and thus the discrepancy 
between the theoretical definition and the design of 
measuring methods. Dunn (1952), Dunlap et al (1953), 
Magilligan (1956), Weiner et al (1978) and Ruby et al 
(1979) have all described methods using the head—neck 
axis and a definition implying a straight line between the 
head centre, neck centre and the shaft axis. Recently, 
Murphy et al (1987) and Mesgarzadeh et al (1987) 
evaluated CT as a method for measuring the anteversion 
by first using the head—neck axis definition. To overcome 
problems of variability in the neck anatomy, they defined 
the neck axis in accordance with the head-shaft axis 
without attending to the principal alteration in the 
definition of the anteversion. In the international 
literature, little attention has been given to the real 
anatomical relationship of the femoral neck and to the 
difference between the neck axis definitions. This may 
cause confusion and inadvertent use of the measured 
values. 

To estimate the real anatomical variation or the real 
difference between the two definitions it is necessary to 
use measuring methods with known precision or with 
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Figure 3, Scattergram between ANTEV I (AVI) and ANTEV 2 
(AV2) showing the spread of the differences and the linear 
relationship between the definitions. The dotted line is drawn at 
45° and intersects the base line at the mean of the paired 
differences. 


very high precision. In the latter case the methods do not 
contribute substantially to the variation. We have 
previously determined the precision of a method for 
determining ANTEV 1 (Høiseth et al, 1989). However, 
the precision of methods for determining ANTEV 2 has 
always been unknown. Furthermore, while ANTEV | 
can be determined by a near to correct projection of the 
anteversion, no such simple and direct method 1s 
available for ANTEV 2. 

We have determined the precision of a conventional 
approach previously described (Norman, 1965) anda CT 
method which we designed. We found the latter to havea 
high precision. Murphy et al (1987) have also described a 
very similar method for determination of ANTEV 2: this 
differs from ours in the location of the intersection 
between the neck and shaft axis. We have used Norman 
and Billing’s definitions which locate this point in the 
middle of the trochanteric mass. Murphy et al (1987), 
however, located this point at the base of the femoral 
neck which is in the distal portion of the trochanteric 
mass at the junction with the shaft. Murphy et al (1987) 
found precision of the same order as in the present study. 
Computed tomography therefore seems suitable for our 
purpose. 

Our findings confirm the principal anatomical 
difference between the two definitions of anteversion. 
Contrary to Henriksson (1980) and Reikeras et al 
(1985b), the present study showed a small spread of 
differences between the two definitions expressed by a 
small standard deviation. Furthermore, a substantial 
part of this variation was accounted for by the precision 
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of the methods. Disregarding the systematic difference, a 
very good agreement was found between the two 
definitions. They must, therefore, be considered to have 
the same clinical and biomechanical implications and the 
previously found individual variations must be due to the 
error of the measuring methods. Provided correction 1s 
made for the systematic difference, the two definitions 
and corresponding measuring methods are comparable. 
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Abstract. We have studied 40 patients with non-specific aorto-arteritis (Takayasu's disease) using intravenous digital subtraction 
angiography (DSA). The aorta, its major branches and (in 18 patients) pulmonary arteries were evaluated to determine the degree 
and extent of involvement. No complications related to the procedure were encountered. Good quality diagnostic images were 
obtained in 39 out of 43 instances. The unsuccessful examinations were in patients with congestive cardiac failure, and in one patient 
who would not co-operate. Aortic wall thickness and mild involvement of the descending aorta in the region of the diaphragm could 
not be assessed. Intravenous DSA is acceptable for the diagnosis and follow-up of aorto-arteritis in suitable patients. 


Non-specific aorto-arteritis is a chronic and progressive 
disease of unknown aetiology, commonly involving the 
aorta, its major branches and the pulmonary arteries 
(Hachiya, 1970; Das et al, 1982; Yamato et al, 1986), and 
eponymously called Takayasu’s disease. It results in 
stenosis, occlusion, dilatation or aneurysm formation in 
the involved blood vessels and the angiographic features 
are well documented (Liu, 1985). Conventional 
arteriography by direct arterial puncture is usually 
employed for evaluation of these patients (Gotsman et 
al, 1967; Lande & Rossi, 1975: Lupi et al, 1975). 

The availability of intravenous digital subtraction 
angiography (IV-DSA) has provided an alternative 
means of imaging the arterial system. Various disorders 
of the cardiovascular system have been successfully 
evaluated by IV-DSA (Rosen et al, 1983: Wood et al, 
1983; Chernin et al, 1984; Pond, 1985; Wilms et al, 1986). 
We have performed IV-DSA in 40 patients with aorto- 
arteritis and discuss the advantages and limitations of 
[V-DSA in the assessment of these patients. 


Materials and methods 

Forty patients with non-specific aorto-arteritis have 
been examined in the last 18 months using intravenous 
digital subtraction angiography. All examinations were 
performed on a commercially available Angiotron CMP 
(Siemens) unit. The diagnosis of aorto-arteritis was 
based on clinical and angiographic findings in all these 
patients. 

A 5F high-flow pigtail catheter was introduced from 
an antecubital or femoral vein and positioned in the mid- 
right atrium during deep inspiration. Twenty to thirty 
millilitres of Urografin 370 (Schering AG) were injected 
at a flow rate of 18-22 ml/s during each filming sequence. 
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For evaluation of pulmonary arteries, 10-15mi of 
Urografin 370 were used. Care was taken not to exceed a 
total contrast medium dose of 4 ml/kg body weight of the 
patient during one complete examination. An abdominal 
binder and intravenous injection of 20-60 mg Buscopan 
were used to control intestinal peristalsis during 
abdominal and pelvic studies. 

The protocol for examination included an antero- 
posterior (AP) view for the abdomen and pelvis, left 
anterior oblique (LAO) view for the aortic arch, and 
right anterior oblique (RAO) view for the neck vessels in 
most patients, with AP and LAO views to show the 
pulmonary arteries in 18 patients. Further examinations 
were tailored according to the situation. All 
examinations were evaluated for the degree of arterial 
opacification, misregistration artefacts due to motion, 
swallowing or inadequate exposure, overlap of vessels 
and the extent and degree of involvement of various 
arteries by aorto-arteritis. 


Results 

A total of 43 IV-DSA studies were performed in 40 
patients. Three patients underwent two examinations 
each, one for diagnostic purposes and the other two for 
assessing the response to immunosuppressive therapy. 
The age of the patients ranged from 10 to 57 years and 
there were 29 females. Good-quality diagnostic 1V-DSA 
images of the aortic arch, abdominal, pelvic and neck 
vessels were obtained in 39 out of the 43 examinations. 

The thoraco-abdominal aorta in the region of the 
diaphragm could not be successfully shown, because the 
difference in the exposure factors for the thoracic and 
abdominal aortas always produced misregistration 
artefacts. The evaluation of thoracic and abdominal 
aortas in separate filming sequences was more successful 
but resulted in an additional injection to show the 
descending thoracic aorta. However, even then, mild 
irregularity of contour involving the descending thoracic 
aorta could not confidently be diagnosed in this study. 
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Figure 3, Intravenous DSA of neck vessels (RAO view) showing 
total occlusion of the right subclavian artery beyond the origin 
of the right vertebral artery. Left (curved arrow) and right 
(straight arrow) carotid arteries are also diseased. 


The collateral flow in subclavian and mesenteric arterial 
occlusions and distal reconstitution beyond arterial 
occlusions was adequately shown. 

Unsuccessful examinations were initially seen in four 
patients because of lack of patient co-operation (one 
patient) and congestive cardiac failure (three patients). 
The study in the first patient was successfully repeated at 
a later date. The three patients with congestive cardiac 
failure needed further evaluation by arteriography 
utilizing direct arterial puncture. 

Conventional arteriograms were available for 
comparison in eight patients. Intravenous DSA showed 
the extent and degree of arterial involvement as well as 
the conventional arteriograms in all these patients and 
was found to be more accurate in one patient. In this 
patient, the overlying bone obscured the left subclavian 
artery in the arch aortogram and was wrongly 
interpreted as blocked. Intravenous DSA images showed 
a normal left subclavian artery. 

The angiographic features were divided into four types 
(Table I) (Yamato et al, 1986). The abdominal aorta was 


Table I. Angiographic features in 40 IV-DSA studies 





Type Features No. of 
patients 

i Involvement of branches of aortic 8 
arch only 

2 Involvement of thoracic aorta and its i 
branches only 

3 Involvement of abdominal aorta and its P 
branches only 

4 Extensive involvement of whole length IY 


of aorta and its branches 





frequently involved in our patients (26 out of 40), 
usually by a long stenosing lesion in its infrarenal 
segment (Figs 1, 2). The renal arteries were the most 
frequently involved branches of the aorta (25 patients) 
followed by the left subclavian artery (18 patients). 

Lesions were frequently in the form of a proximally 
located severe narrowing or a total occlusion of the 
vessel and long segments of vessels were frequently 
involved (Fig. 3). Femoral artery involvement was seen 
in nine patients. Pulmonary arteries were evaluated in 18 
patients and found to be abnormal in two, with 
obstruction of the right upper lobe branch in one and 
peripheral pruning of the pulmonary vessels in the 
second patient. The angiographic features are 
summarized (Table H). 


Discussion 

Total aorto-arteriography is necessary to establish the 
diagnosis and determine the extent of involvement before 
starting specific therapy in patients with aorto-arteritis. 
Conventional arteriography by direct arteria! puncture 
utilizing any route (femoral, axillary or lumbar) is 
associated with a small but definite morbidity and 
mortality (Haunt & Amplatz, 1968: Gammill & 
Craighead, 1975; Hessel et al, 1981; Hoevels, 1983), 
Frequent involvement of the abdominal aorta and the 
subclavian arteries in patients of aorto-arteritis from this 
subcontinent pose a special problem for selecting the site 
for arterial catheterization. Catheter manipulation in 
severely diseased arteries constitutes an additional 
hazard. 

The introduction of IV-DSA and subsequent 
improvements in the post-processing techniques have 
now resulted in the production of good-quality 
subtraction images of the arterial system (Carmody et al, 


Table H. Angiographic involvement in 40 patients with aorto-arteritis 
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Aortic Descending Abdominal  Subclavian artery Carotid artery Renal artery Other Femoral 
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1986). The advantages of IV-DSA are well documented 
(Pavlicek et al, 1982: Rosen et al, 1983; Wilms et al, 
1986). Aorto-arteritis is particularly suited for evaluation 
by IV-DSA because the disease effectively neutralizes 
two important limitations of the IV-DSA technique. 
Panarteritis associated with aorto-arteritis frequently 
results in diminished movements of the aortic wall, 
which reduces motion artefacts and gives better images. 
The reduced spatial resolution of IV-DSA is less 
important when looking at the larger vessels affected by 
the disease. In general, IV-DSA images are comparable 
in quality to conventional arteriograms, although one 
technique may be better than the other on occasions. 

Pulmonary arterial anatomy can also be demonstrated 
by IV-DSA and obstructive lesions in the major 
branches. pruning of the peripheral vessels and defects in 
the parenchymal phase were seen. Although pulmonary 
arterial involvement in aorto-arteritis 1s reported to be 
common (Lupi et al, 1975; Yamato et al, 1986), only two 
out of 18 patients in the present study showed evidence 
of pulmonary arterial involvement. 

There are some limitations in the use of IV-DSA. 
Patient co-operation is essential as the patients are 
required to remain absolutely still for as long as 20s. 
Those with congestive cardiac failure generally have low 
cardiac output and slow circulation ume, and are not 
suitable for the technique. This is because of the dilution 
of contrast medium and frequent occurrence of motion 
artefacts as these patients are unable to hold their breath 
for long. All except one of the unsuccessful IV-DSA 
examinations in the present study were in patients with 
congestive cardiac failure. Careful screening of these 
patients to rule out congestive cardiac failure appears 
essential prior to selection for IV-DSA. 

The limitations of 1V-DSA interpretation of the aortic 
wall thickness and mild involvement of the descending 
aorta in the region of the diaphragm were noted and 
conventional arteriography may be a better alternative in 
these situations. Another important limitation of IV- 
DSA is caused by vessel overlap, especially in the 
evaluation of renal artery origins. By utilizing shallow 
anterior oblique views and off-line manipulation of IV- 
DSA images, it is possible to assess the origin of renal 
arteries in most patients (Smith et al, 1982). Oblique 
views are also essential for visualization of the common 
carotid artery bifurcation. We emphasize that although 
multiple views were frequently necessary, complete 
arterial evaluation within the maximum permissible 
contrast medium dose was possible in all our patients. 
The contrast medium load was well tolerated and no 
untoward effects were seen. 

Matsunaga et al (1987) recently reported on digital 
subtraction angiography in the follow-up of 32 patients 
with aorto-arteritis. The present study suggests that IV- 
DSA could be the first choice for making the radiological 
diagnosis in patients suspected of having the disease. 
Aortic wall thickness and irregular outline of the 
descending thoracic aorta depict early stages of 
involvement in aorto-arteritis and cannot be detected by 
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IV-DSA. However, in view of the frequent, severe and 
widespread arterial involvement in aorto-arteritis, these 
signs are rarely essential for establishing the diagnosis. 
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Assessment of angioplasty balloon catheters: further studies* 
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Abstract. Eight millimetre diameter angioplasty balloon catheters of both the Gruntzig and Olbert types from five manufacturers 
have been tested in vitro to establish bursting pressures and the changes in maximum and deflated diameters following repeated 
inflations, both when free and within a restraining sleeve. Maximum inflated diameters were within 10% of that stated and all types 
of balloon except one burst at a pressure greater than the recommended value. Deflated diameters were approximately | mm greater 
than insertion diameters, which are much smaller in the Olbert type. All balloons became a little larger with each of the first few 
distensions, and became stiffer. The maximum diameter was reached and remained constant after 10-15 distensions. Distension 
within a latex sleeve did not change bursting pressures, and it is considered that results from unconstrained testing can be 
extrapolated to behaviour in vive. Computer modelling and calculation of maximum stress resultants also showed that calculated 
longitudinal and circumferential stresses are unaffected by applied restrictions. It is concluded that balloon technology ts steadily 
improving and it is suggested that British Standards should be established for dilatation balloon catheters. Amongst other factors 
these Standards should include maximum recommended inflation pressures that are at least 2 atm less than bursting pressures, 
whilst the stated maximum diameter should be for fully extended balloons, and should have a tolerance of no more than + 10%. 


With the growth in the acceptance and application of | Methods 
percutaneous transluminal angioplasty has gone the Apparatus 


technological development of balloon catheters and 
ancillary equipment. The earliest balloon catheters were 
made of rubber latex and these have been superseded by 
polymeric materials such as  polyvinylchloride, 
polyethylene and polyurethane. 

Balloon catheters exert a dilating force which has a 
linear relationship to the increase in pressure in the 
balloon and which is greater if the balloon material does 
not stretch (Abele, 1980). Modern catheters are said to 
fail less often and to cause less problems for the user 
(Hartz & McLean, 1986) and this has been attributed to 
changes both in the materials used and in construction. 
The precise materials used are trade secrets, and are 
affected by both the variations in amounts of polymer, 
stabilizer and plasticizer present, and the way in which 
the composite is treated. 

We have previously described a technique for testing 
balloons, and found in the preliminary studies that some 
balloons burst at well below the maximum recommended 
pressure (MRP), and that inflated diameters reached up 
to twice the expected maximum diameter (Henson et al, 
1988). There was a tendency for larger balloons to be less 
stable. We have therefore tested a range of 8mm 
balloons from five manufacturers and have measured the 
change in diameter with repeated inflations and the effect 
of an external constriction on the balloon. We have also 
made a computer model of the stress distribution within 
some of the balloons so that behaviour can be predicted 
and designs improved. 





*Parts of this paper were presented at Radiology °88 in 
Glasgow, 23-25 May, 1988. 
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This was essentially as previously described (Henson et 
al, 1988). The catheter under test is positioned between 
two mirrors positioned at 90° to each other in a water 
bath at 37°C. A camera positioned at a fixed distance 
vertically above the catheter is used to photograph the 
balloon and the measurements made from the 
photographs are corrected for magnification. Pressure is 
applied to the balloon from a threaded plunger and 
measured using a calibrated diaphragm pressure 
transducer. 


Testing procedure 

Unrestrained balloons. (1) The balloon was filled with 
water and pressure increased by regular steps up to the 
maximum recommended pressure, and then reduced by 
the same steps. At each step two photographs were 
taken, one focused on the balloon itself, and the other on 
the two reflected images. (11) The balloon was then 
On the 10th cycle the steps in (1) were repeated. (iv) The 
cycle of distension and deflation was repeated with 
photographs being taken at the MRP on Cycles 15, 20, 
30 and 40. (v) On the 50th cycle the balloon was 
photographed at MRP and the pressure increased until 
the balloon failed. A photograph was then taken and the 
type of failure recorded. 


Restrained balloons. The balloon was surrounded by a 
latex sleeve. A circular neoprene ring with slight 
distensibility and of slightly smaller diameter than the 
maximum balloon diameter was positioned over the 
sleeve at the middle of the balloon. This was distended as 
in (i) above and photographed. It was then distended to 
failure and the pressure noted. A loose ring was placed 
over the balloon near the constricting ring to allow 
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accurate measurement of magnification. The developed 
negatives from all tests were projected onto a screen and 
balloon sizes measured. For the restrained tests, 
measurements were of the latex sleeve at the constraining 
ring and at measured distances from it. 


Camputer modelling. The distension patterns of two of 
the balloon catheters were modelled using a commercial 
software package ANSYS (Swanson Analysis Systems, 
Houston, USA) which is a complex finite element 
program. This was used to calculate stress distribution in 
the catheters during distension. 


Results 
Eleven catheters supplied by five different 


manufacturers were studied. 


linrestrained fests 

The Gruntzig-type balloons from three of the 
manufacturers have double lumens, with the two lumens 
running in parallel. The Olbert-type catheters (Olbert & 
Muzika, 1983) from the other two manufacturers are co- 
axial, with the inner catheter, through which guide wires 
and contrast medium enter the artery, passing through 
the outer catheter. The inner catheter has a movable 
proximal segment. The balloon shortens as it distends, 
moving the proximal segment away from the catheter 
assembly to accommodate the shortening. These 
catheters had a smaller initial balloon diameter which 
returned nearer to this after distension than did the 
Gruntzig type of balloons (Fig. 1). 

The greatest increase in diameter in all makes was on 
the first distension, and the diameter after deflation was 
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Figure 1. Comparison of inflation and deflation diameters of 
iwo balloons with different types of construction. 


greater than it was initially. A graph of the first and 10th 
cycles of distension and deflation for one balloon is 
shown (Fig. 2). The maximum diameter of all balloons 
tested reached a plateau after 10 to 20 distensions and 
then remained relatively constant (Fig. 3). The final 
deflated diameter was approximately | mm greater than 
the initial insertion diameter for all balloons (Table I). 
The Schneider, Medi-Tech I, Cook and Meadox 
catheters all maintained a balanced shape with little 
buckling. and the first three failed with longitudinal 
tears. The Meadox balloon became aneurysmal prior to 
failure at 1.7 atmospheres above the MRP (Fig. 4), and 
the Eschmann balloon failed on its first distension at 13.6 
atm, less than its maximum recommended pressure, 
when a small hole developed in the balloon. The Meadox 
and Eschmann balloons become shorter as they distend, 
the Meadox by 26%, and the Eschmann by 33%. The 
pressures at failure together with the maximum diameter 
achieved are shown in Table I. 


Restrained balloon testing 

The effect of changes in pressure up to MRP on the 
measured diameter at three positions along the length of 
the balloon is shown graphically for the Cook catheter 
(Fig. 5). Diameters are larger than in the unrestrained 
tests because measurements include the thickness of the 
sleeve of latex. The pressures at failure and the maximum 
diameters obtained adjacent to and away from the 
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Figure 2. Graph showing the distended and deflated diameters 
of a Schneider catheter balloon on the Ist and lOth cycles. 
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Figure 3. Graphs showing the change in maximum distended 
diameter of four makes of catheter over 50 cycles of distension. 


constraining ring are shown in Table ll. Results were 
very similar for all the catheters tested, and balloon 
behaviour in general was the same in the restrained and 
unrestrained tests with little significant change in the 
bursting pressures, except for the Medi-Tech I catheter 
which reached a greater pressure before failure when 
restrained. The buckling effect within the latex sleeve is 
shown for a Cook catheter (Fig. 6). 








Figure 4. Photograph showing three views of a Meadox catheter 
balloon immediately prior to failure, with the development of an 
uneurysm at greater than the maximum recommended pressure 


Computer modelling results 

From the finite element models the stiffness for the 
Schneider and Cook balloons was calculated at 3.9 and 
18.5 N/mm, respectively. The maximum principal stress 
resultants for each load step were calculated for 
restrained and unrestrained dilatation (Figs 7, 8) and 
show that the calculated resultants are the same under 
both conditions. This offers a theoretical explanation for 
the experimental finding that burst pressures are 
unaffected by applied restrictions. The graphs also 
demonstrate that circumferential stresses are greater 
than longitudinal stresses in the two catheters modelled 
and this encourages tearing to occur along the length of 
the balloon rather than circumferentially. The Schneider 
catheter has a minimum safety factor between these 
Stresses of 1.20 at the position of maximum change of 
shape on the balloon profile. If the value falls too close to 
1.0 there ts a high risk of circumferential tearing. The 
Cook balloon has a smoother profile and a much larger 
minimum safety factor of 1.44. 


Table I. Diameter of balloon at insertion, with maximum diameter reached, final deflated diameter, recommended and bursting 


pressures for 8 mm diameter balloons from five manufacturers 





Make Type Insertion Maximum 

diameter diameter 

(mm) reached 

(mm) (Yo) 

Cook (G) 6.7 78 OX 
Eschmann (O) 2.2 7.4 93 
Meadox (O) 3.0 7.6 95 
Medi-Tech | (G) 6.9 &.8 110 
Schneider (G) 6.1 7.9 99 


Final Recommended Pressure 

deflated maximum at failure 

diameter pressure (atm) 

(mm) (atm) (Yo) 

7.5 12.0 13.7 114 
17.0 13.6 80 

4.0 12.0 13.7 i14 

8.0 4.1 6.4 156 

7.1 6.0 10.6 176 





Type: G = Gruntzig double lumen, O = Olbert co-axial. 
Measurements of diameter are + 5%. 
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Figure 5. Graph of measured diameters of a Cook catheter 
balloon during distension and deflation at three points: beneath 
a restriction ring, adjacent to, and at 3.25mm from the 
restriction 


Discussion 

All of the balloons tested became a little larger with 
cach of the first few distensions. This is to be expected 
from the known physical properties of the polymers used 
for balloons (Arridge, 1985). In extension they exhibit 
two types of behaviour. Initially, the molecules are 
pulled out straight and orientate themselves with the 
load; this also introduces a permanent set in the plastic. 
Once lined up along the principal load direction, the 
stiffness is much higher for subsequent loading. The 





Figure 6. Photograph of a Cook catheter bending within the 
latex sleeve, showing the restriction ring and the ring used to 
estimate magnification. 


inflation and deflation cycle then becomes fixed, and this 
was apparent from Fig. 3 where the plateau of maximum 
distension appears after some 10-15 distensions. 
Suggestions that multiple distensions may be responsible 
for balloon rupture (Yune & Klatte, 1980) are not borne 
out by these results and we have previously shown that if 
failure is going to occur it happens early in the cycle of 
distension and deflation (Henson et al, 1988). This was 
again seen in the one make of balloon that failed at less 
than the maximum recommended pressure in these tests. 
It has been shown that the expansion characteristics of 
a balloon constrained in a rigid Teflon tube differ from 
those found when no constraint is applied (Zollikofer et 
al, 1986). Tests within rigid tubes resulted in higher 
bursting pressures, with rupture occurring at the 
unsupported ends. The results of our tests on constrained 
balloons in a latex tube able to distend produced 
different results, with an increased bursting pressure in 
only one balloon. The Teflon model is very different 
from the situation in an elastic artery, and it is probable 
that our results are closer to the real life situation. If this 
is accepted it appears that unconstrained tests give 
results that can be extrapolated to behaviour in vivo. 
The diameter of a balloon catheter should be as small 


Table II. Effect of restriction ring on maximum balloon diameters and bursting pressures for 8 mm balloons from five 





manufacturers 
Make Maximum diameter reached (mm) Recommended Pressure 
maximum pressure at failure 

Under 3.25 mm from (atm) (atm) 
restriction resirniction 

Cook 7.7 8.7 12.0 13.7 

Eschmann 7.4 &.4 17.0 13.6 

Meadox 7.8 8.9 12.0 13.6 

Medi-Tech | 7.1 7.8 4.1 98 

Medi-Tech HH 7.5 8.0 6.0 13.7 

Schneider 7,3 8.2 6.0 10.6 


—ỌÇẸĖẸĖĐỌMEEFEFIHMVEEEHEEHEIHFHEIEHEEHHEHEIIHHEEEEEEIEHEHEHEHHEHEHHEEEHHEHHEHHHEH 


Measurements include the thickness of the latex sleeve. 


124 


The British Journal of Radiology, February 1989 


Assessment of angioplasty balloon catheters 


4.0 
— COOK ( circ. ) 
—-— COOK ( long ) 
~~ ~ SCHNEIDER ( circ. ) 
J5 r Hesse SCHNEIDER ( tong }) 
3.0 
2.5 
f 
: a 
MAXIMUM a 
STRESS 20 Pi 
RESULTANT á 
{ N/mm ) r 
af 
7 Yd 
1.5 7 i 
/ z 
J f 
/ a 
f “yf 
/ ER 
10 j ' Pa 
E we 
/ rAd 
EO u7 
0.5 k 
lA a 
if Pe 
a 
0 
o 2 4 6 B- 10 R 


PRESSURE ( atm ) 


Figure 7. Graph of the maximum calculated circular and 
longitudinal stress resultants plotted against the distension 
pressures for a Cook and Schneider catheter. 


as possible on insertion or removal from the artery. The 
Meadox and Eschmann balloons both had initial 
diameters of less than 3 mm, and were still smaller after 
distension than the insertion diameter of the Gruntzig- 
type balloons. These balloons had initial diameters of 
over 6mm and have to be wrapped around the shaft of 
the catheter to be inserted. Similarly, they often have to 
be rotated on removal to rewrap the balloon and reduce 
the diameter presented to the arterial wall. 

All the balloons studied in this series distend to within 
+ 0.8mm of the stated diameter, apart from two which 
became aneurysmal prior to failure, and the bursting 
pressures were greater than the maximum recommended 
pressure in all makes except one. These results were 
better than those found in our earlier studies on balloon 
catheters and, although the numbers tested were small, 
suggest that catheter materials and design have improved 
in the 2-year interval between obtaining and testing the 
two sets of balloons. 

It has been suggested that some of the complications 
described in angioplasty may in part be due to arterial 
damage caused by shear stress (Kinney et al, 1985). The 
shortening of about one-third in length during inflation 
of the Meadox and Eschmann balloons raises the 
theoretical possibility of this occurring. However, there 
is no suggestion that this occurs in practice and these 
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Figure 8. Graph of the maximum calculated circular and 
longitudinal stress resultants plotted against the distension 
pressures for a Cook and a Schneider catheter when in a latex 
sleeve with a restriction ring. 


balloons have the practical advantage of smaller 
insertion and removal diameters. 

The early experience gained with computer modelling 
of balloon behaviour suggests that it may provide a good 
basis for future designs. 


Conclusions 

It appears from these tests that the majority of the 
currently available balloons tested can be expected to 
keep to the stated maximum inflated diameter, and burst 
at a greater than recommended maximum inflation 
pressure. Those of the Gruntzig type burst 
longitudinally, whilst one of the Olbert type burst 
through a hole between reinforcing fibres. and one 
became aneurysmal. The behaviour of the balloons is not 
affected by a circular constraint designed to mimic a 
localized ring stenosis, nor by restraint in a latex tube, 
suggesting that the results of im vitro tests can be 
extrapolated to the im vivo situation. 

Despite clear improvements in compliance of balloon 
catheters with manufacturers’ specifications, some 
balloons still do not meet these. Premature failure leads 
to prolongation of procedures, increased cost, and may 
be a factor in arterial rupture. We would therefore 
suggest that there should be a British Standard for 
balloon catheters with specifications that include (i) a 
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recommended maximum inflation pressure which is at 
least 2 atm less than the bursting pressure; (ii) that the 
stated maximum diameter should allow for the plastic to 
become fully extended, and should be accurate within a 
10% tolerance; (in) that all Gruntzig-type balloons 
should be designed to burst longitudinally; and (iv) that 
in view of the deterioration m some polymers with time, 
a maximum shelf life should be stated on the packet. 
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Abstract. Forty subphrenic abscesses were drained percutaneously in 37 patients. These abscesses were subsequent to abdominal 
surgery (28 patients), biliary obstruction and/or fistula (six patients), trauma (two patients) or acute pancreatitis (one patient), The 
procedures were usually monitored by duplex sonography and fluoroscopy (35 out of 40 cases), with an angled subcostal approach 
to the subphrenic space in aver 85% of the cases. Forty-three drainage catheters were inserted using the Seldinger method; 37 (86% } 
had a size of 12 F or more, 2] were 16 F in size. Only two out of 43 catheters were double-lumen sump drains. The clinical condition 
improved after insertion of the catheter in all 37 patients. Definitive successful drainage, defined as hospital discharge without 
complementary surgery, was achieved in 32 patients (87%), without major complications. A temporizing effect was obtained in three 
additional patients (8%) who underwent curative surgery for the underlying process after complete drainage of the abscess. Two 
patients died from multiple organ failure before their abscess healed. Considerations for successful drainage of subphrenic abscesses 
include a good knowledge of the subphrenic space anatomy, the use of large-bore drainage catheters and the recognition and correct 
management of underlying enteric, billary or pancreatic fistulas. 


Percutaneous drainage has become the treatment of 
choice for the majority of intra-abdominal abscesses and 
fluid collections, regardless of aetiology (Mueller et al, 
1984). The origin of the abscess, its relationship to the 
adjacent anatomical spaces, the nature of the liquid and 
the presence of digestive fistulas are the main factors that 
determine the outcome of percutaneous drainage. Until 
now, very few reports have stressed the specific factors 
that may determine the management, the results and the 
complications of percutaneous drainage of subphrenic 
abscesses. We report here a series of 40 subphrenic 
abscesses, associated with eight abscesses in other 
abdominal regions, that were percutaneously drained 
with radiological monitoring. A consecutive series of 143 
percutaneous drainage procedures of abdominal fluid 
collections and abscesses in 112 patients was carried out. 


Materials and methods 
Patients 

Forty subphrenic abscesses were percutaneously 
drained with radiological monitoring in 37 patients 
during a 4-year period. Patients ranged in age from 18 to 
76 years (mean 58 years): nine out of 37 patients were 
aged at least 70 years. 

The subphrenic collection was single in 26 out of 37 
patients and coexisted in eight out of 37 patients with 
another abdominal abscess or fluid collection located in 
the subhepatic space (five cases), the iliac fossa (two 
cases) or the pancreatic region (one case). These 
collections were also drained percutaneously. One 
patient had bilateral subphrenic abscesses, one patient 
had two homolateral separate subphrenic abscesses and 
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one patient had a recurrent left subphrenic abscess. 
These abscesses were located on the right in 27 out of 40 
cases and on the left in 13 out of 40 cases. 

Abscesses occurred subsequent to abdominal surgery 
in 28 patients: biliary surgery (five patients), hepa- 
tectomy (five patients), hepatic transplantation (one 
patient), gastric or colic surgery (nine patients), 
splenectomy alone or associated with gastrectomy, and 
oesophagectomy or pancreatectomy (eight patients), The 
other cases were related to biliary obstruction (five 
patients), abdominal trauma (two patients), acute 
pancreatitis (one patient) and perforated acute 
cholecystitis (one patient). 

Twenty patients had a fistula (six enteric, 12 biliary 
and two pancreatic) (Fig. 1). All enteric and pancreatic 
fistulas were secondary to gastrointestinal surgery. while 
biliary fistulas were related to biliary obstruction or to 
hepato-billary surgery. 


Technique 

Manipulations were monitored by duplex sonography 
and fluoroscopy in 35 cases, by ultrasound alone in two 
cases, by computed tomography (CT) alone in two cases 
and by CT and fluoroscopy in one case. The Seldinger 
method was used for the drainage of all 40 subphrenic 
collections as well as for the eight associated collections 
in the abdomen. 

After identification of the subphrenic collection and 
determination of its relationship to the adjacent tissues, 
an 18 G needle angled in a caudal to cephalad direction 
was directed with ultrasound (35 cases) or CT (three 
cases), aiming toward the potential space between the 
liver/spleen and the abdominal wall. In two out of 40 
cases, an exploratory puncture was first performed using 
a 22 G needle with duplex sonographic and flueroscopic 
monitoring. An 18G needle was then directed under 
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Figure I. Lefi 
spieneclomy 


subphrenic abscess after 
drained 
(arrowheads) A 


gastrectomy and 
percutanecously by a 16F drain 
sinogram fistulous 
communication (arrow) between the abscess and the left flexure 
of the colon 


delaved shows a 


fHuoroscopic monitoring parallel to the 22G needle 
(Fig. 2). This double-needle technique was used in cases 
where safe continuous sonographic monitoring of the 
puncture was impossible because of the patient's 
anatomy and/or the abscess location. A  floppy-tip 
0.038 J guidewire was then inserted through the cannula 
with fluoroscopic monitoring and the tract enlarged with 
increasing size dilators. Finally, the drain was positioned 
and fixed to the skin of the patient (Fig. 3). Catheter 
follow-up done in the = standard manner 
(vanSonnenberg et al, 1982a) 

A total of 43 drains was used for drainage of the 
subphrenic collections. Forty-one were single-lumen 
catheters and two were double-lumen sump catheters. 
[Thirty-seven drains (86%) had a size of 12 F or more; 21 
drains (49%) had a bore of 16 F. 


Was 


Results 

Collapse of the abscess cavity and improvement of the 
clinical status were rapidly achieved after insertion of the 
drainage catheter in all 37 patients. The initial drainage 
procedure was adequate for complete evacuation of the 
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Figure 2. Double-needle technique puncture tn a cachectic 72- 
year-old man with an antenor subphrenic abscess subsequent to 
a malignant obstruction of the bile ducts. Relief of bile duct 
obstruction by two endoscopic stents and = additional 
percutaneous drainage of the remaining subphrenic collection 
was performed. After a 22 G needle (white arrow) exploratory 
puncture is performed, an 18 G needle (black arrow) ts directed 
parallel to the 22 G needle into the abscess cavity 


purulent material in 33 out of 37 patients. One patient 
with two non-communicating homolateral abscesses 
underwent drainage of the second pouch 2 days after the 
inital procedure. In two patients, the initial catheter was 
exchanged for a larger 16 F catheter with multiple side 
holes, because of the thickness of pus and debris. One 
case of a large infected haematoma of the right 
subphrenic space required fluid lavage of the abscess 
cavity, and the initial single-lumen catheter was replaced 
by a double-lumen sump drain. 

Definitive successful catheter drainage, defined as 
hospital discharge without complementary surgery, was 
achieved in 31 patients. One patient died of unrelated 
causes (cardiac stroke) after the abscess was healed and 
the drain removed. The definitive success rate was thus 
87%. Three patients (8%) underwent delayed curative 
surgery for the underlying process that caused the 
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subphrenic abscess (perforated acute cholecystitis, 
tumoral involvement of an hepatico-jejunostomy and 
pancreatic fistula after splenectomy), after the patient's 
condition improved owing to the percutaneous drainage, 
The overall success rate of percutaneous drainage, 
including definitive healing and temporizing drainage, 
was thus 95%. Two patients died from multiple organ 
failure, despite adequate drainage of the subphrenic 
abscess. 

Patients with abscesses related to enteric, biliary or 
pancreatic fistulas were definitively cured by 
percutaneous procedures alone or by combined 
percutaneous and endoscopic procedures in 17 out of 20 
cases (85%). 

Complications of the drainage procedure were 
uncommon. Two patients had a germ-free pleural 
effusion that required aspiration in one case and thoracic 
drainage in the other. In these two cases, post-operative 
pleural adhesions had to be transgressed intentionally 
because of the absence of a more adequate route to the 
abscess cavity. Two patients developed a small 
pneumothorax immediately after manipulation, but 
these were asymptomatic and required no treatment. In 
one of these patients, the double-needle technique was 
used because of the position of the abscess and the 
patient's anatomy; in the other patient, post-operative 
pleural adhesions were intentionally crossed. Although 
no one developed septicaemia requiring intensive 
therapy. a few of the patients experienced transient 
worsening of fever during the hours following the 
manipulations. 


Discussion 

The selection of a safe route is perhaps the most 
crucial aspect of the entire procedure of percutaneous 
drainage of abdominal collections under radiological 
monitoring (vanSonnenberg et al, 1982a). The optimal 
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Figure 3. Common technique of per- 
cutaneous drainage of subphrenic abscess 
After identification of the subphrenic 
collection, an I8G needle angled in a 
caudal to cephalad direction is directed 
with sonographic monitoring. A floppy- 
tip 0.038 J guidewire (black arrows) is then 
inserted through the cannula with 
fluoroscopic monitoring, and the tract 
enlarged with increasing size dilators up to 
18 F. Finally. a 16 F multiperforated single 
lumen drain (white arrows) is positioned 
and fixed to the skin of the patient 


drainage route should be as direct, short and dependent 
as possible, but it must also be absolutely free of any 
intervening organs or vital anatomical structures. 
Regarding percutaneous drainage of subphrenic 
abscesses, the most important technical consideration is 
to avoid transgression of the pleura and the lung. 
Infrequent but serious complications associated with 
transgression of the pleural space during percutaneous 
biliary drainage have been reported (Neff et al, 1984: 
Nichols et al, 1984). 

The pleural reflection in the costophrenic sulcus 
stretches downward from its highest point anteriorly 
behind the xiphoid process, crossing the 8th rib at the 
costochondral junction, and reaching its lowest level at 
the 10th rib in the mid-axillary line. The reflection then 
passes posteriorly in a virtually horizontal manner, 
crosses the llth and 12th ribs and ends medially at the 
level of L1 (Nichols et al, 1984). Therefore, we attempted 
whenever possible initially to insert the 18 G needle and 
the subsequent catheter below the 7th rib anteriorly or 
the 10th rib laterally. 

An additional advantage of this low subcostal 
approach is that it allows the best dependent drainage 
Such an approach was possible in up to 85% of our 
cases, as in over 90% of the cases in the series of Mueller 
et al (1986), because of the very frequent presence of a 
thin film of liquid in the potential space between the liver 
or spleen surface and the lateral abdominal wall (Fig. 4). 
When this approach is impractical because of the 
interposition of intestine, especially the right flexure of 
the colon after hepatectomy, a more direct approach 
must be used, with potential risk to the pleura 
Frequently, the inferior margin of the pleural reflection is 
obliterated by inflammatory reaction caused by the 
operation or the abscess itself, permitting transgression 
of pleural adhesions without risk. However, it is difficult 
to decide in advance which patients will tolerate the 
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Figure 4. (a) CT scan of a right subphrenic abscess (black arrows) with a marked air-fuid level (white arrow) subsequent to a 
duodenal fistula. Although the fluid collection is maximal above the liver, a direct intercostal approach will transgress the pleural 


space 


facilitates a more caudal approach to the subphrenic collection 


intercostal approach without pleural complications. 
Indeed, the two sterile pleural effusions and one of the 
two asymptomatic pneumothoraces were complications 
resulting from the intercostal approach with intentional 
transgression of pleural adhesions. So, if crossing the 
pleura cannot be avoided, the radiologist must be aware 
of possible pleural complications, and of the relative risk 
versus benefit ratio of the procedure (Neff et al, 1984) 

The most important similarity between surgical and 
radiological drainage of abdominal abscesses is that the 
major therapeutic effect of both procedures occurs at the 
time of initial management. Rapid evacuation of 
purulent material by percutaneous drainage can result in 
recovery of a critically unstable patient within a matter 
of hours without the morbidity of surgery. Therefore, the 
use of large-bore drains has been recommended if 
the fluid volume exceeds 100 ml (Mueller et al, 1984). 
Large-bore 12-14F double-lumen sump drains 
(vanSonnenberg, Meditech; Ring-McLean, Cook Inc) 
known. The second (sump) lumen allows 
room air at ambient pressure and 
theoretically prevents adherence of the side holes to the 
walls of the abscess. Irrigation of the abscess cavity to 
reduce pus viscosity for better evacuation may also be 
performed via the second lumen. 

We. however, prefer the initial use of large-bore but 
single-lumen catheters for several reasons. Immediate 
irrigation prior to evacuation of most of the purulent 
material is dangerous because it increases the pressure 


are W ell 


circulation ol 


| 30 


with a risk of complications. (b) The presence of a thin film of liquid (arrows) between the liver and the abdominal wall 


inside the abscess cavity with the risk of blood stream 
contamination by infected detritus and bacterial toxins 
Therefore. since lavage of the cavity must necessarily be 
delayed, the most important quality of a drain is its 
ability to evacuate rapidly the purulent material. 
Although the total size of a 12-14 F double-lumen sump 
drain is large, the effective lumen for drainage is reduced 
by the presence of the second channel. Moreover, 
double-lumen sump drains are more complex in shape 
and are consequently much more expensive than the 
simple single-lumen variety. The size of the single-lumen 
catheter we use 1s determined by the viscosity of the pus, 
by the shape of the collection and by the ability to dilate 
the tract adequately. The large lumen allows rapid 
evacuation of the thick pus and debris and the cavity is 
usually nearly collapsed at the end of the procedure 
Such collapse minimizes the risks of contrast medium 
injection into the abscess cavity and permits a careful 
sinogram with minimal risk of bacteraemia and 
septicaemia. This early sinogram is used chiefly to 
determine the optimal position of the drain for 
maximally dependent drainage, but it may also identify a 
recess or poorly communicating pouch requiring specific 
drainage (Fig.5), or gross fistulous communications 
Insertion of a large-bore catheter during the initial 
procedure may also improve drainage enough to make 
septate fracture or other management of a multiseptated 
abscess unnecessary (Lieberman et al, 1986). 

Catheters for percutaneous drainage of abdominal 
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Figure 5. Right subphrenic abscess with extension to the right 
subhepatic space. The two pouches are poorly communicating 
and specific drainage of the pouches by two drains (arrows) is 
mandatory 


abscesses can be placed by either the Seldinger or the 
trocar method. The Seldinger technique permits more 
operator control, both for initial puncture and for 
catheter positioning (Mueller et al. 1984). Moreover, the 
use of large-bore trocar catheters tends to favour a more 
direct approach to the abscess, posing a higher risk for 
the pleural recess. Also, the film of liquid which is 
frequently present between the abdominal wall and the 
liver or spleen surface, facilitating the low subcostal 


approach, is usually thin. Puncturing this small film of 


liquid with a large trocar and pushing the straight rigid 
trocar up to the top of the subphrenic space can be 
dangerous to the underlying liver or spleen (Fig. 4). For 
these reasons, the Seldinger technique appears to be 
preferable for insertion of large-bore catheters in 
subphrenic abscesses. 
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Figure 6. Left subhepatic abscess with extension to the 
subphrenic space due to a post-surgery common bile duct leak 
Percutaneous drainage of the subphrenic abscess (white arrows) 
and biliary drainage of a naso-biliary catheter (black arrows) is 
shown. 


We prefer duplex sonography or fluoroscopy for 
monitoring the entire percutaneous drainage procedure. 
Sonography is widely available and permits adequate 
guidance of the needle insertion in most patients. The 
angled subcostal approach is also easier to perform with 
continuous sonographic monitoring rather than with 
discontinuous CT control, Fluoroscopic guidance is 
more accurate for the subsequent guidewire insertion 
and tract dilatation, as well as for the optimal 
positioning of the drainage catheter, Duplex sonography 
and fluoroscopy may also be useful for monitoring an 
initial sinogram. Indeed, unless sonography (or CT) is 
performed after initial aspiration of the abscess contents. 
it may be difficult to determine whether a complex 
abscess has been completely evacuated (Jeffrey et al. 
1985). We used CT monitoring only in cases in which the 
sonographic monitoring was inadequate to guide the 
puncture safely. Sonographic monitoring alone was used 
for bedside percutaneous drainage as a lifesaving 
procedure (McGahan, 1985) in critically ill patients who 
could not be transported to a radiology unit 

Biliary, enteric or pancreatic fistulas were present in 20 
patients of this series (54%). Although fistulous 
communications with abdominal abscesses are not 
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infrequent if carefully sought (Kerlan et al, 1985), this 


partially related to the selection of our cases; some of the 
patients were referred to our institution specifically 
because of a persisting abdominal! fistula. Diagnosis of a 
fistulous communication following abscess drainage is 
important for three reasons. First, it may clarify the 
underlying aetiology of the abscess. Second, it may 
indicate the necessity of repositioning of the drainage 
catheter or of inserting an additional catheter to control 
the flow of drainage. Third, decisions regarding 
nasogastric suction, parenteral nutrition or biliary 
drainage may be altered accordingly. 

The fistulous communication is often first recognized 
by careful follow-up and clinical evaluation, which 
reveals a change in the amount and character of the 
drainage. A complicating fistula should be suspected 
whenever drainage from an abscess exceeds 50 ml/24 h 
(Kerlan et al, 1985) to 75-100 ml/24 h (Papanicolaou et 
al, 1984) after initial evacuation of the cavity. On the 
other hand, detection of the fistula by retrograde 
injection of contrast medium may initially be missed, 
because the site of communication between the abscess 
cavity and the viscus may be clogged with debris and 
oedema at the time of the abscess drainage procedure 
(Papanicolaou et al, 1984). 

Surgical experience has clearly established the 
mechanical principles affecting the healing of an internal 
fistula, Usually. a fistula will heal spontaneously unless 
there is a distal obstruction of the duct or the bowel. 
Jerunostomy or T-tubes are routinely removed without 
complications. Similar mechanics apply in successful 
fistula drainage: if there is obstruction of the distal bile 
duet or if there is intestinal obstruction distal to the leak, 
the system remains under high pressure and the fistula 
continues to drain externally (Edmunds et al, 1960: 
Papanicolaou et al, 1984; vanSonnenberg et al, 1984a). 
in this series, bile duct obstruction was managed by 
endoscopic procedures: endoscopic sphincterotomy, 
isternal biliary drainage by nasobiliary catheter or 
removable endoprosthesis (Fig. 6) (Sauerbruch et al, 
1986; Smith et al, 1986; Devière et al, 1987). Healing of 
the abscess cavity and the underlying fistula was achieved 
in 83% of the cases of this series. In the remaining cases, 
only surgery could remedy the underlying cause of the 
fistula, but the percutaneous drainage improved the 
patient’s condition before operation, Therefore, even 
when not definitively curative. such temporizing 
percutaneous drainage offers significant therapeutic 
benefit, permitting a more limited and less time- 
consuming surgery with a lower rate of morbidity 
(vanSonnenberg et al, 1984b). 

The duration of the catheter drainage was variable 
from several days to several weeks, and depended 
primarily on the presence of an underlying fistula. 
indeed, although there may be improvement in the 
patients condition because the purulent material has 
been removed, continuous drainage may be required for 
several weeks. Premature removal of the catheter is one 
of the well known causes of percutaneous drainage 


failure (Lang et al, 1986), particularly in cases of 
associated fistulas. So, as in all cases of abscess drainage, 
catheter removal should be determined by the quantity 
of drainage, and by the radiological assessment, 
especially by CT, of the resolution of the collection, 

In conclusion, percutaneous drainage under 
radiological monitoring has become the technique of 
choice for imtial treatment of subphrenic abscesses. 
Definitive drainage is achieved in over 85% of the cases 
with a very low rate of mortality and morbidity, while a 
temporizing effect permitting more limited surgery 1s 
obtained in an additional number of patients. In our 
opinion, immediate operation should be reserved for 
only those cases requiring prompt surgical treatment of 
the underlying process causing the abscess. 


References 

DEVIÈRE, J, VAN GANSBEKE, D.. ANnsay, J. DE Torur, J. & 
CREMER, M., 1987. Endoscopic management of a post- 
traumatic bihary fistula. Endoscopy, 19, 136-139. 

EpMUNDS, L. H. JR, WiLuAMS, G. M. & WELCH, C. E., 1960. 
External fistulas arising from the gastro-intestinal tract. 
Annals of Surgery, 152, 445-469, 

Jerrrey, R. Bọ, Wing, V. W. & Laing, F. C., 1985. Real-time 
sonographic monitoring of percutaneous abscess drainage. 
American Journal of Roentgenology, 144, 469-470. 

KERLAN, R. K. Jr, Jerrrey, R. B. Jr, PoGany, A.C. & RING, E. 
J. 1985. Abdominal abscess with low-output fistula: 
successful percutaneous drainage. Radiology, 155, 73-75. 

Lang, E. K.. SPRINGER, R. M.. GLoRioso, L. W. MWM & 
CAMMARATA, C. A., 1986. Abdominal abscess drainage under 
radiologic guidance: cause of failure. Radiology, 159, 329- 
336. 

LIEBERMAN, R. P., HAHN, F. J., IMRAY, T. J. & PHALEN, J. T., 
1986. Loculated abscesses: management by percutaneous 
fracture of septations. Radiology, 161, 827-828. 

McGanan, J. P., 1985. Aspiration and drainage procedures in 
the intensive care unit: percutaneous sonographic guidance. 
Radiology, 134, 531-532. 

MUELLER, P. R., VANSONNENBERG E. & Ferrucci, J. T. Jr, 
1984. Percutancous drainage of 250 abdominal abscesses and 
fluid collections. Part H: current procedural concepts. 
Radiology, 151, 343-347. 

MUELLER, P. R., Simeone, J. F., Burcu, R. J, Sama, S. 
STAFFORD, S. A.. Vict, L. G., Soto-Rivera, C. & FERRUCCI J. 
T. Ja, 1986. Percutaneous drainage of subphrenic abscess: a 
review of 62 patients. American Journal of Roentgenology, 
147, 1237-1240. 

Nerve, C. C., MUELLER, P. R., FERRUCCI J. T. JR, Dawson, S. 
L.. WITTENBERG, J.. Simeone, J. F. Butch, R. J. & 
PApANICOLAOU, N.. 1984. Serious complications following 
transgression of the pleural space in drainage procedures, 


NicHots, D. M., CooperBerG, P. L., Gorpinc, R. H. & 
BURHENNE, H. J., 1984. The safe intercostal approach? Pleural 
complications in abdominal interventional radiology. 
American Journal of Reentgenology, 141, 1013-1018. 

PAPANICOLAOU, N., MUELLER, P. R.. FERRUCCI, J. T. Jr, 
Dawson, S. L., JoHNsON, J. F., SIMEONE, J. F., Burcu. R.J & 
WITTENBERG, J., 1984. Abscess-fistula association: radiologic 
recognition and percutaneous management. American 
Journal of Roentgenology, 143, 811-815. 

SAUERBRUCH, T., WEINZIERL, M., HOLL, J. & PRATSCHKE, E., 
1986. Treatment of postoperative bile fistulas by internal 
endoscopic biliary drainage. Gastroenterology, 90, 764-769. 


The British Journal of Radiology, February 1989 








Percutaneous drainage of subphrenic abscesses 


SMITH, A. C., SHAPIRO, R. H., KELSEY, P. B, & WARSHAW, A. L., 
1986. Successful treatment of nonhealing biliary-cutaneous 
fistulas with biliary stents. Gastroenterology, 90, 764-769. 

VANSONNENBERG, E., FERRUCCI, J. T. JR, MUELLER. P, R., 
WITTENBERG, J. & Simeone, J. F., 1982a. Percutaneous 
drainage of abscesses and fluid collections: technique, results, 
and applications. Radiology, 142, 1~10. 

VANSONNENBERG, E., MUELLER, P. R., FERRUCCI, J. T. JR, NEFF, 
C. C., SIMEONE, J. F. & WITTENBERG, J., 1982b, Sump catheter 
for percutaneous abscess and fluid drainage by trocar or 


Vol, 62, No. 734 


Seldinger technique. American Journal of Roentgenology, 139, 
613-614. 

VANSONNENBERG, E., MUELLER, P. R. & Ferrucci, J. T. JR, 
1984a. Percutaneous drainage of 250 abdominal abscesses 
and fluid collections. Part l, Results, failures, and 
complications. Radiology, 151, 337-341. 

VANSONNENBERG, E., WING, V. W., Casota, G., Coons, H. G.. 
NAKAMOTO, S. K., MUELLER, P. R, Ferruco, J. T. JR, 
HALASZ, N. A. & SIMEONE, J. F., 1984b. Temporizing effect of 
percutaneous drainage of complicated abscess in critically il] 
patients. American Journal of Roentgenology, 142. 821-826. 


1989. The British Journal of Radiology, 62, 134-137 


Experiences at the new magnetic resonance imaging centre 


at Bristol” 
By J. L. G. Thomson, MD, FRCP, FRCR 
MRI Centre, Frenchay Hospital, Bristol 


(Received June 1988 and in revised form August 1988) 


Abstract. The magnetic resonance imaging unit in Bristol has been housed in a new purpose-built centre, shared between three 
District Health Authorities, but operated entirely separate from the National Health Service. Inasmuch as this is thought to be a 
unique arrangement, the publication of its finances and statistics have been readily tabulated at the end of its first year’s operation, 


and may be of interest to others planning a similar organization. 


Magnetic resonance imaging (MRI) has now reached a 
level of detail and accuracy such that demand for its 
availability is becoming widespread in the UK. However, 
it is expensive to purchase and maintain, with the result 
that almost all centres in existence at the present time 
depend on private finance or public subscription for 
survival. The National Health Service (NHS) has been 
slow to recognize the benefits of this latest technology 
and its financial support has been small overall. This has 
been to the detriment of our patients at a clinical level, 
and to the country in a commercial sense. Our 
experiences in Bristol, therefore, where an MRI centre 
has been operational since June 1987, may be of interest 
to others who would like such installations, but find that 
finances are inadequate to meet the reality. 

We were very fortunate in the first instance that a local 
Charitable Trust heard of, and responded to, our 
expressed radiological desire for MRI, with a 
magnificent gift of a £1 000000 scanner to the three 
Cystrict Health Authorities (DHAs) that serve Bristol 
itself and the adjacent population, amounting to about 
1 G00 000 people. 

An immediate approach to the South West Regional 
Health Authority for assistance in providing a suitable 
building in which to house the scanner proved unfruitful 
hecause of financial constraint at the time. However, an 
arrangement was agreed by which the NHS would take 
over the total running costs of the machine in Year 5 of 
its operation, with a gradual phasing in during the 
preceding 3 years. 

Asa result it was clearly incumbent on the recipients of 
the donation to go to public appeal to provide for the 
building and the running costs until this NHS 
arrangement had time to materialize. A group of four 
Trustees was therefore formed, comprising a radiologist 
from each DHA and a retired General Practitioner (GP) 
as Chairman. The appeal was launched in January 1986 
and continues to this day, with an excellent response 
from the public in particular. 

A neutral site for the building had to be chosen, which 





*Based on a presentation made at Radiology °88, Glasgow, 23- 
25 May, 1988. 
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would allow equal access to each DHA at all times, and 
we were fortunate that Frenchay Health Authority was 
able to offer a splendid plot of ground at a peppercorn 
rent, to meet this requirement. A proper legal agreement 
was subsequently drawn up to satisfy all parties 
concerned. 

In respect of a building, we were able to commission 
Messrs Picker International, the manufacturers of the 
MRI machine, on a turnkey basis, to organize and design 
a suitable lay-out, which they did with the employment 
of a local contractor. The appeal proved to be successful 
enough to pay for the cost of the building as it proceeded 
from start to finish as well as previous site clearance, thus 
saving the need for any loan. The whole enterprise was 
finished and ready to receive patients by June 1987, 
about 18 months from the date of the original donation. 

As it is now a year since the service was commissioned, 
it seems appropriate for us to review our operational 
performance and the finances involved. 


Results and discussion 
Building 

Inasmuch as three DHAs were to share the building, 
adequate space was necessary, and this has proved to 
have the additional benefit of comfort and relaxation, 
both for staff and patients. The high quality of the 
internal fittings and soft furnishings has produced praise 
from numerous sources. The total cost of the building 
with all contents, apart from the machine itself, has been 
estimated at £543 000. However, for many anticipated 
centres elsewhere, particularly if serving just one DHA, it 
should be noted that a corresponding cost would be 
proportionately less, commensurate with the size of the 
building erected, in comparison with ours which 1$ 
admittedly high. 


Staff and pay 

The details of staffing arrangements are set out in 
Table Il. We do not feel that extra medical staff are 
required. So many of the examinations performed are 
“instead of” traditional radiological techniques rather 
than “in addition”, so that the medical officer concerned 
can concentrate his attention on MRI as the preferred 
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Table I. Bristol MRI Centre staffing costs (June 1987/88) 





Pay WTE £000s 
Medical o űŤűńCđűůüùüùüËss e 
Radiography 

Superintendent HJ radiographer 1.00 [5.5 

Senior I 1.00 14.0 

Senior H (3 months) 1.00 3.5 
Secretary /receptionist HCO 1.38 10.0 
Nursing we -—- 
Portering o a 
Domestic 0.38 2.2 
Total 45.2 





WTE = Whole time equivalent. HCO = higher clerical 
officer. 
All the above figures include employer's contributions. 


technology. After a time, many of the examinations do 
indeed follow a routine programme, and the whole-time 
presence of a radiologist would be extravagant in these 
cases. A part-time presence with communication via 
telephone or IMTRAN appears to be adequate, 
although it would be agreed that any unusual 
requirement is certainly best monitored by a radiologist 
on the spot. 

We started our year with a full-time Superintendent HI 
radiographer, already experienced in MRI, and a full- 
time Senior I, with limited MRI experience, acted as 
number two. As we planned to work a longer day in Year 
2, we have latterly employed a third full-time 
radiographer for the last 3 months, with the result that 
we now have three fully trained radiographers. Two 
part-time secretary-receptionists, who overlap at lunch- 
time to provide continuity, handle the office side of the 
centre under the supervision of the Superintendent 
radiographer. A part-time cleaner is employed each day, 
but we have not felt the need to employ a porter or nurse, 
although the hospital kindly collects our mail and carries 
Out one or two other minor duties on a voluntary basis. 
Our pay costs have amounted to £45 200 in the first year, 
but will clearly be a little more in Year 2 because of pay 
rises and the third radiographer, by then full-time. Our 
day now extends from 8 a.m. to 6p.m. with a research 
programme on one evening a week. 


Non-pay items 

Table H itemizes our expenses for the year, and is self- 
explanatory. We keep hard copy of all the cases that 
come through the centre and send out copies of our hard 
copies to the clinicians requesting the examination, at the 
discretion of the radiologist supervising the examination. 
Films and reports are thus usually included in the 
patient’s ordinary radiograph envelope. The liquid 
helium and nitrogen (cryogens) are the most expensive 
items, with heat, light and power significant, mainly 
because of the size of the building with its heating and air 
conditioning. In Year 2, the service charge will become 
payable as the guarantee period will be over; the same 
may apply to the tapes which were gratuitous in our first 
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Table I. Costing for non-pay items (1987/88) 
rt cd E E 


Non-pay £000s 
Films and chemicals 14.5 
Tapes { 2.5) 
Cryogens 22.1 
Heat, light and power EEV 
Oil Ll 
Rates al 
Peppercorn rent 0.001 
Stationery 2.5 
Printing and advertising 0.5 
Postage 0.2 
Telephones 0.5 
Uniforms U2 
Medical supplies 0.6 
Insurance 25 
Maintenance of MRI (service) (65.0) 
Maintenance of office 3.0 
Maintenance of building 2.6 
Miscellaneous 5.0 
Tota! 69.10] 
(67.5) 


STAA Aaaa ARARA A aAA ERRA ERREAREN 
Figures in parentheses are those covered by guarantee and 
donation. 


year. These two items are thus added into Year 2's 
estimate. 


Total costs 

Adding pay and non-pay for the first year produces a 
total of £114301 (Table HI). In Year 2, however, the 
whole year’s salary for the third radiographer, together 
with the two items mentioned above, pay awards, 
inflation, and possibly the purchase of new software, will 
produce a figure of around £220000. Income from 
private patients, and other district health authorities 
sending patients, produces about a quarter of these 
totals. 


Patient throughput 

In Table IV it can be seen that 1604 patients have been 
examined in Year I and 6% of these had more than one 
area examined, which means more time in the machine. 
As expected, about 80% of this number attended on an 


Table HI. Total costs for Years | and 2 at the Bristol MRI 





Centre 
Costs 
Building £543 006 
Pay £45 200 an re 
Non-pay £69 10] Year | £11430] 
Add £67 500 Year ? ELIRI SO} 
But allow for Senior I] 

radiographer 


Pay awards £220 000 
New software 


Inflation 





Ne a 
t f aht 
LPI 


Tahte IV. Number of patients examined at Bristol MRI 
Centre (1987-88) 





Inpatients Outpatients GA 
Hospital A 496 } 
Hospital B 437 l z i 

es m 604 3i 

Hospital C 402 O Sa 
(nhers 269 
GA = General anaesthesia. 

In addition 6% had a second region imaged, (j.e. extra time in 
the machine). All hospitals have CT facilities. 


1268 3 


outpatient basis, supporting the contention that this is 
par excellence an outpatient technique, thereby saving 
hospital beds. Three patients were examined under 
general anaesthesia. and the procedure was carried out 
without any undue elaboration of technique. Eight 
babies and children were also sedated for the 
examination to be carried out. The majority of patients 
requiring general anaesthesia are probably better 
examined with computed tomography (CT), unless MRI 
is thought to be particularly advantageous. The rejection 
rate from claustrophobia has been less than 0.8%. 


Cost per patient 

Dividing the total cost for the first year by the number 
of patients examined (Table V) gives the cost per patient 
at £71, and for Year 2, this will probably be somewhat 
higher at £110. It must, however, be realized that these 
estimates are the absolute basic minimum, taking no 
account of the original purchase price of either the 
machine or the building, and excluding new software or 
machine replacement. Perhaps the figures should 
therefore be doubled to be more realistic. 


Regions examined 

The three DHAs together cover almost every medical 
and surgical specialty, so that patients may attend with a 
wide spectrum of disease. Nevertheless, the analysis of 
the regions examined shows that head and spine rank 
high in the list (Table VI) which confirms similar analysis 
in centres elsewhere. However, as clinical awareness and 
experience develop, it can be envisaged that examination 
of the cardiac and vascular, and the musculoskeletal 
systems, for example, will assume greater importance, 
and the figures may thus change. 


Table V. Cost per scan 





Year | 
£114 301/1604 = £71 per patient, minimum (excluding cost 
of building, machine, new software, 
etc.) 
Year 2 
£220 000/2000 = £110 per patient, minimum (excluding cost 
of building, machine, new software, 
etc.) 
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Table VI. Region of patients examined 








Region a 
Head 35.0 
Cervical spine 19.0 
Lumbar spine 12.3 
Pelvis 10.1 
Hips, knees and legs 8.0 
Dorsal spine Sa 
Abdomen 4.1 
Chest 2.6 
Heart [3 
Shoulders and arms 1.4 
Temporo-mandibular jormts 0.2 
Face 0.1 
Miscellaneous 0.2 
Total 100.0 
Cost-effectiveness 


The figures are not yet large enough to indicate 
significant savings in many areas of examination, but 
trends are already apparent. The most significant relates 
to the numbers of myelograms carried out in Bristol. In 
comparable 3-month periods before and after the 
introduction of MRI, a reduction of 77 myelograms is 
recorded, and in a comparable 8-month period, a 
reduction of 208 myelograms has occurred (Table VH). 
It is anticipated that as in certain cities in the USA and 
Canada, our myelography rate could soon be reduced to 
zero provided enough time on the machine is available. If 
one takes into account the lumbar puncture required for 
myelography, the amount of contrast medium used, the 
overnight admission of the patients and the subsequent 
morbidity in some, the total saving shown by MRI on an 
outpatient basis becomes not inconsiderable. A graph of 
the numbers of myelograms per month is included 
(Fig. 1), to show the gradual decline in demand from 
June 1986 onwards. The initial decline shown on the 
graph for the first year resulted from the improved 
facility of CT for lumbar spine examination throughout 
Bristol, and the introduction of MRI in June 1987 shows 
further decline in the numbers, following the new facility 
allowing the examination of the neck and dorsal spine as 
well. Some cases still need myelography out of hours 
when the Centre is closed, and in certain cases of 
brachialgia, myelography is still the preferred 


Table VH. Myelography in Bristol 





Period Numbers Saving 
January~March, 1987 134 
January-March, 1988 57 77 
May-December, 1986 387 
May~December, 1987 179 208 


a — Time in hospital 
Contrast medium 


Morbidity 
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Figure 1. Effect of CT (1986) and MRI (1987) on the number of myelograms performed in Bristol from June 1986 to May 1988. 


examination by some surgeons. In current investigations 
of the brain, any clinical assessment indicating a possible 
lesion in the posterior fossa, around the sellar region or 
at the cranio-cervical junction leads to MRI rather than 
CT, thus reducing significantly the demand for CT. 
Similarly, in oncology, MRI of the spine has already 
produced a significant reduction in lumbar puncture 
(with cerebrospinal studies) and overnight stay, as well as 
reduced nuclear medicine requirements for skeletal 
scans. Present studies of the musculoskeletal system and 
the heart confirm further areas where savings are likely 
to be made. 

It is current fashion to relate the value of any new 
technology to its cost-effectiveness, and although this has 
instant financial appeal it tends to overlook other 
parameters which are also important, such as patient 
comfort, outpatient accessibility, accuracy of diagnosis 
and absence of morbidity. On all counts, MRI is far 
preferable to existing technology in many areas of 
traditional radiological investigation. Several articles 
have been published over the recent years in the 
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American journals, outlining the virtues and cost- 
effectiveness of MRI but their findings cannot be 
reasonably transferred to the NHS. The sheer number of 
installations in the USA, about 700 at a recent count, 
compared with about 25 in the UK illustrates a 
difference of approach and application which arise from 
fundamental contrasts in medical financing. In the UK, 
very few opportunities have so far presented themselves 
which would allow an assessment of the impact of MRI 
on a local population. We believe that in Bristol we have 
one of the few centres able to present such an analysis. 
Meantime we feel that large neuroscience centres in 
particular will find MRI indispensable for the 
maintenance of proper clinical standards, and that the 
technology will be cost-effective when efficiently used. 
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Abstract. The number of patients undergoing computed tomographic (CT) examinations in the province of Manitoba ts 
reported for the period 1977-1987. The annual patient throughput has increased from 4.2 per 10° population in 1978 to 18.2 per 
10° population in 1987. Over the same period, the per capita population dose irom CT has increased from 4.2 to 81.0 uSv. This 
substantial rise has occurred because of an increase in patient throughput, higher radiation doses associated with modern CT 
scanners and an increasing proportion of (higher dose) body CT studies. The mean patient dose on a second generation (EMI 
$005) scanner was about 1.4 mSv, whereas the corresponding doses on third generation scanners operating in Manitoba were 


3.9 mSv (GE 9800) and 5.6 mSv (Siemens DRH). 


Computed tomography (CT) was first introduced into 
clinical practice in 1973 (Hounsfield, 1973) and rapidly 
gained acceptance as a major advance in diagnostic 
imaging. By 1983, it was estimated that there were 
between 2000 and 2200 CT scanners in the USA alone, 
with an expansion rate of approximately 200 additional 
units per year (Evans, 1984). The radiation doses 
associated with CT scanners are generally at the higher 
end of the range of doses normally encountered in 
diagnostic radiology. A recent report estimated that CT 


doses in Great Britain contributed 2.9% of the 
collective effective dose from diagnostic imaging 


procedures, including dental radiography and nuclear 
medicine, but only accounted for 0.9% of all imaging 
procedures (Shrimpton & Wail, 1986; Wall et al, 1986). 
In general, data on the diagnostic use of CT, and the 
corresponding patient doses, are very limited. This 
situation has resulted in the United Nations Scientific 
Committee on Atomic Radiation (UNSCEAR, 1982) 
requesting additional data on the frequencies of X-ray 
examinations such as CT and on the absorbed doses in 
various organs and tissues. These latter data are 


intended to provide more precise estimates of collective: 


effective dose equivalents, which UNSCEAR considers 
to be appropriate measures of collective patient doses 
from radiation exposure such as CT. 

The province of Manitoba has a stable population of 
one million and had its first CT scanner installed in 
1977. This paper reports on the diagnostic use of CT 
over the Il-year period from 1977 to 1987. The 
radiation doses to patients from the three types of 
scanners deployed in the province are evaluated in 
terms of the effective dose equivalent, Hg, and the 
collective effective dose equivalent, Sy. 


*Present address: Department of Radiology, St Joseph's 
Hospital, London, Ontario, Canada. 
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Computed tomography in Manitoba 

The province of Manitoba has two major cities which 
provide, or plan to provide, a diagnostic CT imaging 
service. Winnipeg, which also serves the eastern part of 
the province, has a total urban population of 600000, 
and is the home of two tertiary care teaching hospitals, 
the Health Sciences Centre (HSC) and St Boniface 
General Hospital (StBGH). The western city of 
Brandon, with a population of 40000, is served by one 
major non-teaching hospital, the Brandon General 
Hospital (BGH). 

The HSC had an EMI 5005 CT scanner installed in 
September 1977 and for the next 7 years this was the 
only CT scanner in the province. In November 1986, a 
Siemens DRH scanner was added and, because of the 
marked superiority of its imaging performance vis-a-vis 
the EMI 5005, it performed the overwhelming majority 
of subsequent CT scans at this centre. A GE 9800Q is 
due to be installed in mid-1988, and when operational 
will result in the EMI 5005 being taken out of active 
clinical service. 

A GE 9800 was installed in StBGH in April 1984 and 
a second GE 9800Q was added in October 1987. The 
hospital plans to operate these two CT scanners for the 
foreseeable future. 

A GE 9800Q is due to be installed in BGH in early 
1988 and is planned to service approximately 120000 
people who live in the western region of the province. 

The pattern of deployment of CT scanners in the 
province of Manitoba has been characterized by a 
limited number of units in the initial phase, which 
operated for very long hours and achieved a corres- 
pondingly high patient throughput. The EMI 5005 at 
the HSC and the GE 9800 at StBGH both operated 
long day shifts (7.00a.m. to 12.00 p.m.) and often 
worked weekends. The daily patient throughput was 
occasionally in excess of 40. During the period from — 
1982 to 1986, the typical annual patient throughput on 
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each machine was in excess of 7000, which is 
considerably higher than the typical values of 2500 
patients per CT scanner per year reported in the USA 
(Terhorst, 1984). In 1986, the provincial government 
authorized the purchase of an additional three CT 
scanners, and by the middle of 1988, the province will 
be served by a total of five state-of-the-art machines, i.e. 
1 per 200000 population. 


Method 

The number of patients undergoing CT examinations 
is collected on a regular (monthly) basis by each 
hospital for administrative and billing purposes. In 
addition to the total number of monthly CT procedures 
per hospital, it is useful to obtain a more detailed 
breakdown of the types of CT examinations performed, 
since this will have an important impact on the 
resultant patient doses. Specific data at each CT centre 
is available on the relative frequency of head 
examinations. The non-head CT scans were divided into 
three general categories of “chest”, “abdomen” and 
“pelvis”. The relative frequency of each non-head 
procedure was obtained from a 3-monthly sample 
obtained from each of the three CT scanners during the 
period 1986-1987 and involved a total patient case load 
of approximately 5000. The relative frequency of 
“chest”, “abdomen” and “pelvis” examinations for 
each model of CT scanner was taken to be valid for the 
total period of operation of each CT scanner examined 
in this study. 

The radiation dose delivered in a CT examination is 
non-uniform both within an individual CT scan slice 
and along the patient axis. Detailed experimental 
investigations of the radiation dose distributions 
associated with head and body scans in an EMI 5005 
scanner have previously been performed (Huda & 
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Sandison, 1985). The most convenient way of 
expressing these dose distributions is to compute the 
value of the effective dose equivalent, Hp, which is 
considered to be the most appropriate parameter of the 
relative risk of a diagnostic study which utilizes ionizing 
radiation. Values of H, for typical head, chest, 
abdominal and pelvic CT examinations on the EMI 
5005 scanner have been explicitly calculated and the 
advantages, and limitations, of these data discussed in 
detail elsewhere (Huda & Sandison, 1986). To obtain 
corresponding H, values on the GE 9800 and Siemens 
DRH scanners, advantage is taken of the fact that for 
any given type of scan, such as a head scan, the relative 
risk is directly proportional to the total energy imparted 
in the examination (Huda, 1984). The relative values of 
energy imparted for differing scanners can be obtained 
by using measured (or published} values of the 
computed tomography dose index (CTDI). The method 
of obtaining CTDI values specified in the literature 
(Shope etal, 1981) and its measurement is a USA 
regulatory requirement of the Food and Drug 
Administration (FDA, 1984). It is important to note 
that CTDIs will generally be different for head and 
body scans, and will also depend on a range of 
operating parameters such as kVp, slice thickness, mAs 
and X-ray beam filtration. 

For a given scanner, it is possible to specify a 
parameter, Ryyp np (Scanner) which is defined as 
CTDI 


Tx mAs 


where CTDI is the mean of the four circumferential and 
one central CTDI value, expressed in mGy, T is the 
slice thickness in mm and is normally restricted to the 
(maximum) slice thickness used in routine CT scanning 
and mAs is the total milliamp-seconds used in the scan 





(1) 


Ryvp. up (Scanner) = 
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E39 
aot 
33° 
& 
6 j L 
Figure 1. Total number of patients 
undergoing CT examinations each month 
o a a * in the province of Manitoba for the 
period September 1977 through to 


December 1987. 
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Table L Percentage of head CT examinations 


ROOPA ERLASSEN RASANIRA ROC A488 eZ AANAND SNS 


HSC 


Year StBGH 
(EMI 5005 and/or (GE 9800) 
Siemens DRH) (%) 
(%) 
1977 99 — 
197R 9i — 
1979 9] — 
1980 79 ~ 
(981 TS iy 
1982 75 === 
1983 75 = 
1984 74 6% 
1985 68 63 
1o86 68 65 
1987 61 66 


procedure. The subscripts for the R parameter refer to 
the CT kVp setting and to the choice of head (H) or 
body (B) scan, and the bracket refers to the type of CT 
scanner, Le. RCEMD, R(GE 9800) or R(DRH). For a 
given CT scanner X, the value of the Hg for the chosen 
CT examination can be obtained using the Hg values on 
an EMI scanner from the following expression: 


REX) N(X) 

Hix) = HAEM I ss oa i 

p(X) = HE D REMI ĝ N(EMI) 
TX} mAs(X) 


s aaea Se) ou ee HERE (2) 
TEMD  mAs(EMD) 

where the R(X) and R(EMI) values are obtained under 
the appropriate kVp and head (or body) conditions, 
A(X) and MEMI) are the number of slices for this 
examination on scanners X and EMI, respectively, 7(X) 
and T(EMI) the corresponding slice thicknesses and 
mAs(X) and mAs(EMI) are the corresponding 
milliamp-second values. 


Results 
The total number of patients undergoing CT 
examinations in Manitoba each month for the period 


patient throughput, such as the acquisition of a new CT 
scanner by the province or the commencement of 
evening shift work, are marked on the graph and show 
the expected discontinuities in patient throughput. The 
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Table HI. Typical technique factors for CT examinations on 

the EMI 5005, GE 9800 and Siemens DRH 

ee Aree E NENEN OES Ae 

Scanner type Number 
of slices 


Examination mAs 


EMI 5005 

140 kVp; 13 mm slice thickness Chest 560 12 
Abdomen 560 [6 
Pelvis 560 I0 

GE 9800 Head 340 9 

120 kVp; 10 mm slice thickness Chest 340 20 
Abdomen 340 20 
Pelvis 340 Ié 

Siemens DRH Head 410 II 

125 kVp; 8 mm slice thickness Chest 210 25 
Abdomen 310 23 
Pelvis 410 20 


ee EANAN i AAS EEEO AATTEENA 


large drop in March 1986 occurred because of a 
prolonged breakdown of one of the two scanners which 
were in operation at that time. 

Table I shows the total number of head CT 
examinations, expressed as a percentage of all CT 
examinations, at both the HSC and at StBGH for the 
period 1977-1987. Table II shows a breakdown of all 
CT examinations, for each CT scanner, into four 
separate categories: head and neck, chest, abdomen and 
pelvis. These data were obtained from a (continuous) 
3-month sample of patient workload on each scanner 
and include data on the EMI scanner at the HSC both 
prior to the introduction of the Siemens DRH in 
November 1986 and after. These data show a very 
constant distribution, with head/neck examinations 
typically accounting for 65% of all CT scans, chest 
accounting for 5%, abdomen for 20% and pelvis for 
the remaining 10%. The EMI 5005 differed significantly 
from this general pattern in 1987 when its use was 
restricted to those (small number of) patients who did 
not require the relatively high-resolution performance 
available on the adjacent Siemens DRH. Table IH 
shows a summary of the typical technique factors 
employed on each scanner for any given category of CT 
examination. All the subsequent radiation doses for 
specified scanners (and examination category) are based 
on the technique factors given in Table IH. However, it 
is clearly straightforward to account for changes in Hy 


Table H. Breakdown of all CT examinations into differing body categories 





Examination EMI 5005 EMI 5005 prior GE 9800 Siemens DRH 
category 1987 only to Nov 1986 (1987) (1987) 

(% (% (%) (%) 
Head and neck 66.6 66.5 64.5 64.2 
Chest 0.7 41 4.6 4.8 
Abdomen 31.2 22.1 19.1 21.2 
Pelvis 1.5 7.3 11.8 9.8 


Te aN CC CC 


“Based on analysis of a continuous 3-month sample in specified year. 
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Table IV. Values of R for the EMI $005, GE 9800 and Siemens 
DRH 
aaaeeeaa 


Scanner kVp R(uGy mm $ mAs~!) 
Head Body 
EMI 50057 120 2.175 Lt] 
EMI 5005? 140 3,28 1.59 
GE 9800° 80 5.68 2.01 
GE 9800° 120 14.2 6.71 
GE 9800° 140 19.9 9.39 
Siemens DRH* 96 755 5.73 
Siemens DRH‘ 125 14.2 ae 


“Slice thickness 13 mm. ’Slice thickness 10 mm. ‘Slice thickness 
8 mm. 


values which will arise from changes in examination 
technique factors (mAs, slice thickness, number of 
slices, etc.) by use of Equation (2). 

Values of R, expressed in uGy mm~'! mAs”! for all 
three CT scanners, are shown in summary form in 
Table IV. The EMI 5005 data are based on direct 
measurements on the HSC scanner and have an 
estimated precision of ~ 3%. Both the GE 9800 and 
Siemens DRH data in Table IV are based on the 
technical specification data published by both 
companies in 1987. These data were experimentally 
confirmed on both Winnipeg machines with typical] 
differences between specification and experimental 
measurements being < 10%. The resultant H, values, 
for each type of CT scanner and examination type, are 
shown in Table V. These data were calculated using 
Equation (2), the EMI 5005 H, values published by 
Huda and Sandison (1986) and the technique factors 
summarized in Table IH. 

Table VI shows the resultant annual values of the 
total number of patients undergoing CT examinations 
each year for the period 1977-1987. Also listed are the 
annual collective doses in Manitoba from CT, expressed 
in man-Sv, and the corresponding per capita dose, 
expressed in Sv. Table VI shows the average dose to a 
patient undergoing CT examinations as a function of 
year and as a function of CT scanner. The data for the 
years 1977-1987 were obtained by dividing the annual 
collective dose from CT by the total number of patients 
undergoing CT examinations. Scanner-specific average 
patient H, were generated using the examination 


Table V. Average H,. values, in mSv, for the EM] 5005, GE 
9800 and Siemens DRH 


anaana aa RAP O 


Scanner Examination type 

Head Chest Abdomen Pelvis 
EMI 5005 0.84 48 2.6 pa 
GE 9800 1.9 15.7 6.3 6.7 
Siemens DRH 2.3 16.0 9.5 13.4 
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Table VI. Number of CT scans, collective dose and per capita 
dose in Manitoba 


LT NATE AAAA TOC AOU RMN NN iiaa a n HAA cht nero caNanaRE HE 


Year Number of patients Colletive dose” 
undergoing CT {(man-Sv} 
scans 

1977 845 0.7 

1978 4158 4.2 

1979 4670 4.7 

1980 4645 5.8 

1981 5534 7.3 

1982 7208 9.5 

1983 8188 10.8 

1984 11 206 23,5 

1985 14802 40.8 

1986 15 342 43.5 

1987 18 189 81.0 

aeaaaee ae e 


“In the case of Manitoba which has a stable population of one 
million, this collective dose is also numerically equal to the per 
capita dose in pSv. 


category breakdown for each shown in 


Table H. 


scanner 


Discussion 

The number of CT scanners per given population 
dose is not a very informative parameter since the 
utilization of a given CT scanner can vary considerably 
owing to local operational (and political) factors. It is 
therefore more appropriate to consider CT utilization in 
terms of patients scanned per year per 103 population 
base. The number of patients undergoing CT examina- 
lions in the province of Manitoba has increased by 
approximately a factor of 4 in the decade f ollowing the 
first full year of the availability of CT services in 1978. 
The general pattern of increase in patient throughput 
depicted in Table VI is similar to that of the province of 
Quebec (population 6.4 million) over the same time 


Table VII. Average H, values for patients undergoing CT 
scans in Manitoba 


NEE TTT NA TTT LE IL TCT NT SESH AAA AA enter iaraa S 


Year/Scanner Average patient A, 
(mSv) 

1977 0.86 
1978 1.0 
1979 1.0 
1980 E 
1981 1.3 
1982 1.3 
1983 1.3 
1984 24 
1985 2.8 
1986 2.8 
1987 4.5 
EMI 5005 (before Nov 1986) 1.4 
EMI 5005 (1987) 1.5 
GE 9800 (1987) 3.9 
Siemens DRH 5.6 


period. In quebec, the annual CT patient throughput 
was reported as being 1.4 per 10° in 1977-78, 5.1 per 


1988, personal communicaton). In general, comprehen- 
sive data on CT usage are very limited, although 
UNSCEAR (1982) reported that CT usage in Sweden 
increased from 1.4 per 10° in 1977 to 3.0 per 10° in 1979 
and that the value for Japan in 1979 was 0.68 per 10°. 
Preliminary data from the UK suggest a value of 6.5 
per 10° in 1983 (Wall et al, 1986), whereas in the same 
year in the USA, Evans and Mettler (1985) report a 
value of 22 per 10°. Thus for CT utilization, Canadian 
provinces appear to fall between the higher values 
observed in the USA and the lower values found in 
Western Europe and Japan. This pattern of CT 
utilization in Canada relative to the rest of the world ts 
very similar to the patterns observed for conventional 
radiological examinations (MacEwan et al, 1982; 
UNSCEAR, 1982) and for nuclear medicine (Huda & 
Gordon, 1988). 

The data in Table I show that head CT examinations, 
as a percentage of all CT scans, have shown a steady 
decrease from 99% in 1977 to ~ 64% in 1987. This 
pattern is probably due to the increased use of CT for 
body scans given the availability of high-resolution CT 
scanners, with short scan times, such as the GE 9800 
and Siemens DRH. The present percentage of head CT 
scans in Manitoba is comparable to the values reported 
in Sweden (1979) of 67%, in Japan (1979) of 65% 
(UNSCEAR, 1982) and in the USA (1983) of 63% 
(Evans & Mettler, 1985). For analysis of body scans, as 
summarized in Table Il, three categories (chest, 
abdomen and pelvis) were chosen, as opposed to the 
simpler approach of specifying a “body” or a “spine” 
study. The rationale for the alternative approach 
developed in this study is that the resultant patient Hy 
values are primarily determined by the energy deposited 
fram the CT X-ray beam and the specific region of this 
energy deposition. From this radiation dose perspective, 
thoracic spine examinations should clearly be classified 
together with other chest examinations. For similar 
reasons, neck studies were included with head examina- 
tions (sec Table I). The data shown in Table H 
demonstrate a consistent pattern between scanners, with 
~14% of all body scans involving the chest region, 
57% the abdominal region and the remaining 28% the 
pelvis, 

Specifying the radiation dose delivered to patients 
undergoing CT examinations has been widely acknow- 
ledged as being problematical (Mossman, 1982; 
UNSCEAR, 1982). By experimentally measuring the 
three-dimensional CT dose distributions in Rando 
phantoms, Huda and Sandison (1986) were able to 
generate Hg values for different CT examination 
categories for an EMI 5005 scanner. Unfortunately, this 
direct approach is clearly too time consuming to be 
used as a universal dosimetric tool. A convenient way 
of extending the usefulness of the (limited) EMI 5005 
H, data is to make use of the imparted energy concept, 
whilst limiting its application to a given body region 
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such as the head or abdomen. For an EMI 5005 
scanner, the measured H, per unit energy imparted 
values were 10 uSv per mJ in the head, 27 uSv per mJ in 
the chest, 14 Sv per mJ in the abdomen and 17 pSv per 
mJ in the pelvis. These values can be compared directly 
with the value of 14 „Sv per mJ for uniform whole body 
irradiation in a standard man of 70 kg (ICRP, 1975a, b). 
To obtain relative values of energy imparted from one 
scanner to another, the mean CTDI value is considered 
to be both appropriate and convenient, since values of 
this parameter are easily measured and readily available 
(ie. are a regulatory requirement) for all CT machines 
currently sold in the USA. Using this energy imparted 
concept. and assuming the mean CTDI value is 
proportional to the energy imparted, involves a number 
of approximations which will affect the accuracy of the 
resultant H, values. However, the errors associated 
with these approximations are considerably smaller 
than the uncertainties in the radiation risk estimates 
themselves, for which H,values are ultimately used. It is 
possible to estimate the magnitude of the error 
associated when Equations (1) and (2) are used to 
generate CT H, values by calculating the expected Hg 
for a head scan (EMI 5005) performed at 120 kVp. The 
predicted value, using the parameters given in Table HI 
(except for change in kVp), is 0.70 mSv, whereas the 
experimentally determined value (Huda, 1984) was 
0.61 mSv, a difference of only 13%. These limited data 
suggest that the overall accuracy of determining CT He 
using this method is likely to be in the range 10-20%. 
In this context, it is nevertheless worthwhile empha- 
sizing that the relative H, values for a given CT scanner 
(e.g. GE 9800) are likely to have a considerably higher 
precision. 

The H, values for the three scanner types and four 
examination categories (Tables V and VH) clearly show 
CT doses to be amongst the highest of all diagnostic 
procedures which utilize ionizing radiations (Shrimpton 
& Wall, 1986). It is of interest to note that these values 
are considerably higher than the 0.1 mSv values for Heg 
quoted in UNSCEAR (1982). Modern third-generation 
scanners (i.e. GE 9800 and Siemens DRH) typically 
result in patient (Hp) doses between two and three times 
those encountered in the older second-generation 
scanners (i.e. EMI 5005). An “average” CT scan is 
currently associated with a patient dose of ~ 4-5 mSv 
(Table VII). However, it is necessary to note that the 
H, values of Table V are clearly dependent on the 
technique factors summarized in Table IH, which were 
taken as being representative for current usage in 
Manitoba. Any individual scan which uses, for 
example, twice this mAs value and twice the number of 
slices will obviously result in an H, value that is a 
factor of 4 higher than presented in Table V. The 
differences between the H,values for the GE 9800 and 
Siemens DRH are of the order of 30%. This factor 
cannot be explained by any intrinsic difference between 
the two scanners, since both are very similar in basic 
design (third-generation systems) with the Siemens 
system employing more efficient solid state detectors as 
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opposed to the Xenon gas detectors of the GE 9800. To 
perform a meaningful comparison, however, it is 
essential to include CT system performance parameters 
such as the spatial resolution, the noise and the low- 
contrast detectability. This important question of the 
choice of “optimal” CT scan parameters for any given 
patient examination is one that still remains to be 
tackled (McCrohan et al, 1987) and is likely to receive 
increasing attention from the medical physics com- 
munity in the future. In these studies, the radiation dose 
to the patient will undoubtedly be expressed in terms of 
a single H, parameter and thereby enable comparisons 
to be performed as technique factors such as kVp, mAs, 
filtration are systematically varied. 

The annual per capita dose from CT in Manitoba has 
increased by a factor of 19.3 in the decade Starting in 
1978 and currently stands at a value of 81 uSv (1987). 
The principal reasons for this dramatic rise include 
more patients undergoing CT studies (x 4.4), more 
radiation doses from modern scanners ( x 3.0) and an 
increase in the proportion of (higher dose) body studies 
(x 1.5). This trend is likely to continue into the 
forseeable future, with the addition of two new scanners 
at the end of 1987 and replacement of the EMI 5005, 
scheduled for mid-1988. The projected number of CT 
scans in Manitoba, with five fully operational scanners, 
is estimated to be 28 000 per year. This would result in a 
per capita dose of about 120 Sv, assuming the 
constancy of the technique factors currently in use and 
the relative proportion of head scans. These data 
demonstrate that the CT per capita dose will be 
comparable to the nuclear medicine per capita dose in 
Manitoba where the latter has remained relatively 
constant over the period 1981-1985 at 120-130 uSv per 
year (Huda & Gordon, 1988). Thus CT is expected to 
join other high-dose and/or high-throughput pro- 
cedures such as barium enemas, barium meals, IVPs 
and lumbar spines, which are the major contributors to 
the population dose from diagnostic medical X-ray 
examinations (MacEwan et al, 1982: Shrimpton et al, 
1986). 

Expressing CT doses in terms of H, values is 
obviously useful for obtaining relative risk values in 
CT. Different scan procedures on a given machine can 
be readily intercompared, as can similar examination 
categories on different machines (see Table V). Further- 
more, direct comparisons can also be made with any 
other modality which utilizes radiation, such as chest 
radiography (Shrimpton etal, 1986) and nuclear 
medicine scans (Johansson et al, 1984). In performing 
such comparisons, it is salutary to note that an implicit 
assumption is that the exposed population is an adult 
working population (ICRP, 1977). This use of the Hgin 
medicine is sometimes subject to criticism on the 
grounds that patients undergoing diagnosis frequently 
differ markedly in demographic terms from an adult 
working population. Although this is generally true, the 
criticism is based on the erroneous assumption that the 
ICRP (or other) radiation risks will be used directly to 
translate “radiation doses” into a corresponding “risk” 
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or “detriment”. Thus age and sex specific Hp have been 
suggested as being more appropriate for the quantifica- 
tion of medical radiation exposure. Adoption of this 
approach would invariably lead to confusion, since the 
exposed population obviously varies with hospital, X- 
ray clinic, province and country. Thus identical 
equipment, used with the same technique factors, could 
result in markedly differing patient (age/sex specific) 
Hg. A more rational approach is to evaluate relative 
risks using the standard (ICRP) adult population. To 
convert the relative risks into an absolute number 
(detriment), account would need to be taken of the 
age/sex distribution and general life expectancy of the 
exposed population. This would result in the generation 
of appropriate discount (or multiplier) factors for both 
the genetic and somatic components of the radiation 
risk expressed as an Hg, on the lines recently performed 
for CT (Huda & Sandison, 1985). Clearly these 
discount (or multiplier) factors for population Ay 
values will be population specific and vary from one 
area to another. The translation of population Hy 
values into detriment should be performed as a final 
step after collective Hg have been computed. This step 
will require careful attention to the demographic 
characteristics of the exposed population. However, this 
separate problem should not interfere with the major 
benefits to be gained from utilizing H, for patients 
undergoing CT examinations as a relative risk 
parameter and used as such throughout this paper. 
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Abstract. A study was made of 58 patients with carcinoma of the vulva treated by radical radiotherapy between 1965 and 1982, The 
choice of treatment technique was influenced by site and extent of disease as well as the general condition of the patient. The crude 5- 


year survival was 26% (15/58). Local control was achieved in 40° 


a of cases and was associated with tumour size of 4em or less, 


Radionecrosis occurred in nine cases but none of these required surgical intervention. Surgery remains the treatment of choice for 
carcinoma of the vulva. This report emphasizes that radical radiotherapy has a curative potential in those cases considered 
unsuitable for surgery and that the necrosis type and rate are within the limits of acceptable morbidity. 


Carcinoma of the vulva is predominantly a disease of the 
elderly with 65% (Way, 1982) to 80% (Green, 1978) of 
cases occurring in patients over the age of 60, and up to 
20% over the age of 80 (Green, 1978). In the overall 
context of gynaecological cancer, the incidence of carci- 
noma of the vulva in England and Wales is about one- 
fifth of that of carcinoma of the cervix or body of the 
uterus (Office of Population Censuses and Surveys, 
1983). With rising longevity of the population the inci- 
dence is likely to increase. 

The traditional surgical approach to treatment has 
been radical vulvectomy with wide excision of the 
primary cancer and contiguous pre-malignant tissue 
together with dissection of inguinal (Rutledge et al, 1970) 
and sometimes iliac nodes (Way, 1982). However, 
variation in the general condition of the patient and 
extent of disease lead in practice to considerable 
variation in surgical approach, from simple excision to 
total pelvic exenteration. From a large personal series 
reported by Way (1982), the crude 5-year survival from 
radical vulvectomy with node dissection was 63%: this 
procedure was undertaken in 60% of his patients. The 
histological nodal status was evidently an important 
prognostic factor with 5-year survival dropping from 
84% for negative nodes to 52% for positive superficial 
nodes only and to 21% for deep nodal involvement. 

If surgery is considered unsuitable for primary or 
locally recurrent disease, then radical radiotherapy may 
be used. Tod (1949) reported 71 non-metastatic cases. 
previously untreated because of general condition or site 
of disease, in which the 5-year survival was 33% using 
radium needles as the primary treatment. However, the 
vulva is considered a site susceptible to radionecrosis. 
Ellis (1949) cited a 32% necrosis rate in 103 patients, 
four-fifths of whom had received radiotherapy alone. 
Since these early reviews the role of radical radiotherapy 
as primary treatment has been seen as limited and is 
emphasized by the small numbers in recently reported 
a ah cee hate to nee as 
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series, with at most one case per year of study (Helgason 
et al, 1972; Pirtoli & Rottoli, 1982: Prempree & 
Amornmarn, 1983; Carlino et al, 1984: Fairey et al, 1984: 
Pao et al, 1988). We report 58 cases of carcinoma of the 
vulva treated by radical radiotherapy over an 18-year 
period at this centre and discuss its role as a primary 
treatment. 


Patients and methods 

There were 380 cases of carcinoma of the vulva 
registered at this centre between 1965 and 1982. A study 
was made of 58 patients accepted for radical radio- 
therapy during this 18-year period. Previous surgery was 
radical vulvectomy in 16, simple vulvectomy in 13, local 
excision in six and biopsy only in 23 cases. There was 
involvement of anus, urethra or vagina in 42 cases which 
were referred for radical radiotherapy in preference to 
major surgery. The remaining 16 cases were considered 
unfit for any surgery. 

The median age of the patients at registration was 71.5 
years (range 52-9] years) and 13 patients were aged 80 
years or over. The tumour histology was squamous 
carcinoma in 54 cases, melanoma in two and single cases 
of Bartholin gland adenocarcinoma and basal cell carci- 
noma. Pre-invasive carcinoma and metastatic lesions 
from previously treated carcinoma of the cervix were 
excluded from the study. Radiotherapy used for patients 
with fixed nodal disease was given with palliative intent. 
Survival curves were calculated using the life table 
method and survival between groups compared using the 
log rank test (Peto et al, 1977). Survival was measured 
from the date of treatment. Peri-operative death 
occurred in three cases and these were included in the 
analysis. Of the 322 registered cases who did not receive 
radical radiotherapy, 74 were referred for surgery, 101 
were not treated because of advanced disease and poor 
general condition and 137 had palliative radiotherapy, to 
primary and/or fixed nodes in 131 cases and to bone 
metastases in six cases; a further 10 cases received 
palliative chemotherapy. 


Table 1. Type of radical radiotherapy given in 58 cases 


Single-plane needle implant 19 
Two-plane needle impiant 19 
Gold seed implant 7 
Single-plane implant and vaginal sorbo | 
Volume needle implant i 
External-beam therapy E 
Total 58 
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Radiotherapy considerations 

Radical radiotherapy was considered for patients who 
were deemed unsuitable for surgery because of their 
general condition, the site or extent of disease. In view of 
the direct accessibility of the vulva and the propensity to 
necrosis from high-dose radiotherapy, interstitial tech- 
techniques were generally considered preferable to 
external-beam treatments. The type of radiotherapy 
given is shown in Table I. The treatment was confined to 
patients without fixed nodal or distant metastatic 
disease. Block dissection was considered the treatment of 
choice for mobile inguinal lymphadenopathy, this was 
performed in one case. 

The techniques of interstitial brachytherapy for 
carcinoma of the vulva have been described previously 
(Tod, 1949). The choice of technique was influenced by 
the extent of disease and the general condition of the 
patient. For the larger tumours, patients selected for 
external-beam treatment were generally younger (mean 
64 years) than those who had a two-plane needle implant 
(mean 74 years). The desired dose was 5250-5500 cGy at 
0.Sem for single-plane needle and gold seed implants, 
$250 cGy at 0.5m for the two-plane implant and 4500- 
8250 cGy in 15 or 16 daily fractions over 3 weeks for the 
external-beam treatments. The — external-beam 
radiotherapy was given as a megavoltage rotation or 
fixed three-field technique, with field dimensions usually 
740cm. Radionecrosis was arbitrarily divided into 
minor and major, the latter requiring surgical 
intervention. 


The crude 5-year survival was 26% (15/58) with a 
median survival of 19 months. In 10 of the 15 long-term 
survivors the tumour had involved anus, vagina or 
urethra. The vital status of the patients at 5 years is 
shown in Table H. This shows that local control was 
achieved in 40% of cases (23/58). Local control was 


Table II. Outcome of 58 cases 5 years after treatment by 
radical radiotherapy 


AROAREN NAANA A aaa Ca aaa anaa 


Alive and well 14 
Alive, recurrent disease l 
Dead, intercurrent 3 
Dead with mets, primary well 6 
Dead, primary residual/recurrent 34 
Total S8 
<etennipticanamnsmutnonintbeepeenn selena NONE anaana 
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survival for the different techniques was 7/19 for single 
plane, 2/7 for gold seed, 1/19 for two-plane implants and 
4/11 for external-beam therapy. The patient treated by 
single-plane implant with sorbo was a further long-term 
survivor, Survival for newly diagnosed cases was 39% (9/ 
23) compared with 17% (6/35) for post-operative 
recurrences. Ten of the 15 survivors were below the 
median age of 71.5 years. 

Minor necrosis occurred in nine cases. In eight of these 
cases this was noted 3-12 months post-radiotherapy 
whilst the other necrosis occurred 8 years after 
treatment. The necrosis healed within | year in seven 
cases. Urethral stenosis which required dilatation was 
seen in the case treated with single-plane implant and 
vaginal sorbo. Of the 15 patients who survived 5 years, 
seven developed minor necrosis. No major radionecrosis 
was seen. There were three peri-operative deaths, due to 
pulmonary emboli in two cases and acute hepatic fatlure 
in the third. The intercurrent deaths were at 14, 34 and 43 
years due to cerebrovascular accidents in two and 
pneumonia in the other; the patients died at ages 81, 84 
and 93 years. The one patient who underwent 
subsequent block dissection of nodes died 18 months 
after radiotherapy. 


Discussion 

The crude 5-year survival was 26% (15/58). This 
compares unfavourably with the results from radical 
vulvectomy and node dissection of 60-65% (Green, 
1982; Way, 1982). However, despite being a group 
selected for radical treatment, the majority of the 58 
cases had poor prognostic features. Involvement of the 
anus, vagina or urethra is an adverse prognostic factor 
(UICC, 1982) and this was present in 72% (42/58) of the 
patients. Cases with post-operative recurrent disease 
appear to have a more aggressive course with a 5-year 
survival of 17% compared with 39% for newly diag- 
nosed cases: recurrent cases accounted for 60% (35/58) 
of the series. 

Local control of vulval disease was achieved in 40% of 
cases (23/58) and was associated with tumour size of 
4 cm or less, It has been reported that recurrent disease of 
5 cm or more is difficult to control with either surgery or 
radiotherapy (Buchler et al, 1979; Prempree & Amorn- 
marn, 1983). For larger tumours treated by implant it 1s 
difficult to achieve precise geometric configuration of 
sources. Attempts have been made to increase accuracy 
using an afterloaded system with a perineal template 
(Branson et al, 1985) but it has not yet been demon- 
strated that the poor prognosis associated with these 
larger tumours can be improved. 

Minor necrosis occurred in nine cases, within 12 
months of treatment in eight of them. This necrosis rate 
is within the limits of acceptable morbidity. However, it 
should be noted that within 12 months of treatment 38% 
(22/58) of the patients had already died. It is perhaps 
surprising that eight of the nine necroses were in patients 
below the median age of 71.5 years. One reason for this 
could be the continuation of sexual activity in the 
younger patients. 
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The results from external-beam therapy (4/11) were 
better than for two-plane implants (1/19). However, the 
patients selected for external-beam therapy were 
generally younger than those treated by implant. 
Nevertheless with four of the 11 patients disease-free at 5 
years, it seems that the use of external-beam therapy 
should not be too restricted. 

The vulva is considered to have a poor tolerance to 
high-dose radiotherapy (Ellis, 1949). This is presumably 
because of its lack of collateral vascularity, the tendency 
to atrophy in the elderly, and its occlusive nature with 
moist surfaces prone to infection. However, none of the 
58 treated cases developed major necrosis requiring 
surgical intervention. 

Seven of the long-term survivors developed minor 
necrosis. This suggests that carcinoma of the vulva had a 

low therapeutic ratio. This is not due to radioresistance 
of the tumour, but rather to the limited normal tissue 
tolerance of the vulva to radiation. 

Surgery remains the treatment of choice for carcinoma 
of the vulva, with its potential for wide margins of local 
tumour clearance as well as inguinal lymphadenectomy. 
This report shows that radiotherapy as primary treat- 
ment has a curative role, with 26% (15/58) of the patients 
alive at 5 years, with the advantage over surgery of 
preservation of sphincter function in some cases. 
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Possibility of retrospective dosimetry for persons accidentally 
exposed to ionizing radiation using electron spin resonance 
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Abstract. An electron spin resonance (ESR) dosemeter was used to measure ESR absorption spectra of sugar and shell buttons 
made of mother-of-pearl, for the purpose of evaluating the external dose to exposed inhibitants in the vicinity of a radiation 
accident. The ESR absorption intensity of sugar was proportional to dose in the range from about 30 mGy to 6x10* Gy. The lfe- 
ume of the free radical created in both sugar and shell buttons by radiation was stable for at least 6 months after irradiation. If sugar 
and shell goods left in or around houses since the occurrence of the Chernobyl reactor and the Brazilian accidents were obtained, it 
would be possible to estimate from them the integrated external dose to exposed people. 


Much effort has been devoted to studying both the 
effects of radiation accidents on the health of those 
exposed to radiation and the medical treatment of such 
people. An important parameter is the dose absorbed by 
those exposed, and this should be evaluated. However, 
methods for evaluating the dose absorbed by those 
accidentally exposed have not been established. For 
example, in the case of the evaluation of the y-ray dose 
from the atomic bombs dropped on Hiroshima and 
Nagasaki, thermoluminescence from the roof ules was 
used to evaluate the dose to people. However, roof tiles 


lack purity and uniformity in providing a sample of 


thermoluminescence dosemeter phosphor. Therefore, the 
reliability of the evaluated y-ray dose is suspect. As a 
result, a reassessment of the atomic bomb radiation 
doses was recently carried out (Radiation Effects 
Research Foundation (RERF), 1983). Furthermore, 
such material is not distributed worldwide and so cannot 
be used for evaluating the absorbed dose to people in 
every country. 

There is, however, the potential for accidental 
exposure of people worldwide as shown by the 
Chernobyl reactor accident and the incident which 
occurred in Brazil in 1987. Therefore, there is clearly a 
need for a dose estimation method and suitable 
substances that can be used worldwide. 

Recently, an electron spin resonance (ESR) dosemeter 
using plastic (Nakajima & Watanabe, 1974; Nakajima, 
1987) and alanine (Regulla & Deffner, 1982) has been 
studied. This method has some advantages in that 
common materials can be analysed, and it has good 
physical properties such as reliability, sensitivity and 
absorbed dose linearity. 

We report here the application of this method to 
people accidentally exposed to radiation using the 
radiation properties of sugar and shell buttons made of 
mother-of-pearl (hereinafter referred to as “shell 
buttons’), Furthermore, from the ESR absorption 


14s 


intensity of such substances, the possibility of estimating 
the external dose to those exposed at the Chernobyl 
reactor accident will be discussed. 


Experimental procedure 

Free radicals and lattice defects in many natural and 
artificial goods are created by radiation, and the number 
of such free radicals is easily evaluated by ESR. 

If suitable substances are available, they can be used to 
obtain an integrated external dose in a period from the 
date of the accident to the date of the ESR measurement. 
They should have the following properties. 


1. Personal belongings or household goods including 
foods and seasoning that are common throughout 
the world. 

. Have ease of sample preparation without creating 
free radicals. 

3. Have a simple ESR spectrum. 

4. Have minimum detectable dose of 0.1 Gy or less for 

medical treatment. 

5. The ESR spectrum should be linear in the range 
0.1-30 Gy. 

_ The free radicals should have a long lifetime. 

_ There should be no background ESR signal from 
free radicals before irradiation. 


tw 
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Background ESR absorption and the decay of free 
radicals in some common substances collected from both 
inside and outside the house were studied. The decay of 
free radicals is shown in Table Il. It was found that 
saccharides and shell buttons satisfy many of the above 
properties. On the other hand, many other substances 
did not satisfy many of the requirements, in particular, 
the decay of the free radicals and the background ESR 
signal. Sugar and other saccharides in both powder and 
crystalline forms, an amorphous body such as candy, 
and broken shell buttons were, therefore, used as 
samples for the ESR absorption measurements. 
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Background ESR signal 





Figure 1. Background ESR spectra of (a) broken and (b) 
powdered shell buttons and (c) granulated sugar. 


The substances were put into a quartz sample tube of 
3.5mm inside diameter in order to obtain reproducible 
ESR measurements. Prior to irradiation of the sample, 
the ESR absorption spectra of the sample and quartz 
tube were observed. The ESR absorption intensity due to 
free radicals could hardly be obtained from sugar and 
other saccharides before irradiation. On the other hand, 
an ESR intensity was observed from the broken and 
powdered shell buttons before irradiation and that from 
the powdered sample was larger than from the broken 
one, as shown in Fig. 1. Thus, in the case of shell buttons. 
broken ones were used as the sample. 

In the case of Co y-ray irradiation, the samples were 
irradiated at room temperature in air with the main 
beam from a “Co teletherapy unit, having been covered 
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Table I. Decay of free radicals in some materials stored at room 
temperature 24 h after irradiation 
ALLE CLT ETT TCLS LEAT eTTETEN SPST Pe TOTEM ASLIL TAPP TUAW Ait RUPE Ane dunHNCY ri mT BISAi A 


Material Decay 
coefficient 

Old newspaper 0.52 
Paper 0.52 
Wood chips 0.59 
Japan cedar 0.56 
Wood in pencil ).53 
Nail 0.50 
Salt 0.46 
Hair 1.07” 
Ivory 1.08 
Sugar 1.04 
Shell button (Pinctada maxima 

or Pinctada margaritifera) 1.00 
Shell (Meretrix meretrix lusori) 0.97 
Shell (Venerupis japonica) 0.99 
Egg shell 0.86 
Amber 0.92 


eel i la i ce 
“Strong background ESR absorption was observed. 


with a plate of tissue-equivalent material of 5mm 
thickness. In the case of X-ray irradiation. the samples 
were wrapped in paper and irradiated at room 
temperature in air with the main X-ray beam from an 
X-ray machine. The effective energy of the X rays was 
determined from the half-value thickness. The dose was 
measured with a calibrated ionization chamber and 
samples were irradiated with doses from about 40 mGy 
to 30 Gy. 

Electron spin resonance spectrometers were operated 
at room temperature with X band (Nakajima, 1987), Le. 
about 9.5 MHz of the microwave frequency for the ESR 
resonance, with a microwave power level from 2 to 8 mW 
with a 100kHz modulation unit, and the ESR 
absorption spectra of the free radicals were observed 
with 1.0mT modulation width, a 25 mT magnetic field 
and 16 min canning period. 

The samples in the fused quartz tube were left to 
reproduce the axial readout of the samples inside the 
microwave resonance cavity. The ESR measurements of 
all the samples were made at room temperature with a 
Mn°* standard sample in the same resonance cavity. The 
mean intensity of six absorption peaks in the ESR 
spectra of the Mn** standard sample in each ESR 
measurement was used as a reference value. The ESR 
absorption intensity of the free radicals in the samples 
was determined relative to the reference value. 


Result and discussion 

Figures 2a and 2b show the typical ESR spectra of 
crushed shell buttons and granulated sugar irradiated 
with “Co y rays with the Mn** standard sample. 

As shown in Figs. 2a and 2b, the ESR absorption 
peaks from the irradiated samples appeared between the 
third and fourth peaks of the Mn?* standard sample. The 
intensity of the ESR absorption edges fixed at the start of 
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(a) 


(b) 
Figure 2. (a) The ESR spectrum of shell button irradiated at 
room temperature with about 80Gy. Modulation width is 
0.63 mT. (b) The ESR spectrum of granulated sugar irradiated 
at room temperature with about 27 Gy. Modulation width is 
i mT. 


the experiments was used for dose evaluation throughout 
the experiment and was determined relative to the 
reference value of the Mn’* standard sample. 

Figure 3 shows the ESR spectra of oyster shell without 
irradiation, Some kinds of shell, such as oyster and 
scallop shells, reveal the ESR absorption spectra of 
manganese ions in the sample as background ESR 
absorption. Thus, such shells are difficult to use as 
dosimetric material because it is not easy to separate the 
ESR signal of the sample irradiated with a low dose of 
about 2Gy or less from the background signal, and 
hence evaluate the dose. 

The main purpose of this work is to ascertain the 
feasibility of the ESR method for emergency dosimetry. 
The dose linearity, the sensitivity and the fading 
behaviour of the substance chosen to serve as a monitor 
and dosemeter will be discussed. 

Figures 4a, 4b and 4c show linearity of the ESR 
response of 600 mg of amorphous or granulated sugar 
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Panail! 
Figure 3. The ESR spectrum of oyster shell before irradiation. 


and broken shell buttons relative to the absorbed dose. 
As shown in Fig.4a, in the case of sugar, dose 
proportionality was obtained in the dose range 0.038- 
2.5 Gy and, indeed, up to about 6 x 10* Gy, as shown in 
Fig. 4b. Furthermore, the ESR absorption peaks due to 
free radicals were clearly observed from 600mg of 
granulated sugar after 5 mGy using the RE-2X type ESR 
equipment with a data treatment system. The ability to 
detect the effect of such a small dose and the linearity of 
response with dose for sugar may make it satisfactory as 
a dosemeter for studying the health effects on, and the 
medical treatment of, exposed people, Sugar can be used 
as a highly sensitive material for an ESR dosemeter. The 
purity of the sugar could affect the number or density of 
free radicals created by radiation. However, their yield 
was essentially identical in all sugars, regardless of where 
they were produced, so that the ESR sensitivity (ESR 
response per unit dose) is scarcely affected by the type 
of sugar used. 

On the other hand, many kinds of saccharide can be 
found, such as fructose, dextrose, maltose and lactose. 
For the purposes of comparison, the ESR sensitivity of 
these substances relative to that of amorphous sugar 
(sucrose) was obtained and is given in Table H. The 
relative sensitivity of the amorphous saccharide was 
nearly the same as sugar, but, in the case of the powder 
or crystalline form, the sensitivity was about half that of 
amorphous sugar. Such saccharides in both powder and 
amorphous form could be used as an emergency 
individual monitor for people. 

Figure 4c shows the dose linearity of the ESR 
absorption intensity of the broken shell buttons. The 
sensitivity of shell buttons is lower than that of sugar and 
the minimum detectable dose was higher because of high 
ESR absorption intensity of the background. However, 
the minimum detectable dose of the shell buttons was 
about 0.5 Gy. 

According to data on the ESR absorption of a plastic 
button exposed in Kiev, it was reported that the exact 
dose evaluation was not carried out because of a large 
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Figure 4. (a) The proportionality of ESR response of irradiated 
amorphous sugar to absorbed dose. Weight of the sample sugar 
was 600mg. (b) The proportionality of ESR response of 
irradiated granulated sugar to absorbed dose. (c) The 
proportionality of ESR response of irradiated shell button to 


absorbed dose. Weight of the Sample was 600mg. The shell . 


buttons were cut before irradiation. 
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Figure 5. The fading of free radicals in (a) shell buttons and (b) 
Sugar stored at room temperature after irradiation. “W” stands 
for weeks, 


decreasing ratio of free radicals (Nakajima, 1987). 
Therefore, one of the most important dosimetric 
properties of a substance to be used as an emergency 
dosemeter is the decay time of the free radical or ESR 
response, as well as high sensitivity, because the dose 
absorbed by the exposed persons is measured and 
evaluated some days after the accident. 

The decay is defined as a ratio K/T, between the initial 
l, and residual HA ESR responses of the same samples 
stored for a period z until measurement after irradiation. 
The fading of the ESR response of irradiated granulated 
Sugar and shell stored at room temperature after 
irradiation is shown in Fig. 5. The result reveals that the 
ESR absorption intensity, especially of sugar, scarcely 
decreases during the 6-month period following 
irradiation. 

Figure 6 shows the effect of storage temperature of the 
irradiated sugar and shell buttons on the ESR response. 
The vertical axis is the ratio between the ESR response of 


Table IH. Comparison of the relative ESR absorption intensity 
of some saccharides and amorphous sugar. The mean value and 
standard deviation were obtained from five samples 


Substance teff Form Relative ESR 
intensity 
Sucrose 6.92 Amorphous 1.000 + 6.074 
Small crystal 0.453 + 0.036 
Amorphous 1.187 + 0.096 
Fructose 6.95 Amorphous L123 40.114 
Small crystal 0.571 +0.06! 
Amorphous 1.296 + 0.264 
Dextrose 6.95 Amorphous 0.975 + 0.096 
Powder 0.433 + 0.038 
Amorphous 1.532 40.405 
Maltose 6.92 Amorphous 1.098 + 0.008 
Powder 0.615 40.008 
Amorphous L28140.126 
Lactose 6.92 Powder 0.502 + 0.004 
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Figure 6. The thermal fading of free radicals in granulated sugar 
and shell buttons after irradiation at room temperature. Curves 
(a) and (b) are the fading of the irradiated sugar stored at 55 and 
106°C. respectively, and curve (c) is that of the irradiated shell 
button stored at 100°C, 


sugar and shell buttons measured immediately after 
irradiation at room temperature to that measured after 
storing for various periods at 55 and 100°C. 

As shown in curve (a) of Fig.6, at 55°C the ESR 
response of the sugar sample hardly decreased with 
storage period until about 1000 min. On the other hand, 
as can be seen in curves (b) and (c) of Fig. 6, when the 
irradiated sugar and shell buttons were stored at 100°C 
for about 80 and 220min after irradiation at room 
temperature, they maintained their initial ESR response. 
These results on the thermal decay reveal that the 
number of free radicals or lattice defects created in the 
irradiated sugar or shell buttons scarcely changes over 
several years in the natural environment, even when the 
atmospheric temperature varies. Thus sugar and shell 
buttons can be used for radiation dosimetry such as 
personnel monitoring for accidental radiation and 
medical use. 

fi has been reported that, in the case of 
thermoluminescent dosimetry, the response or the 
sensitivity ratio between substances with different 
effective atomic numbers is a function of radiation 
energy (Gorbics & Attix, 1968). If both sugar and shell 
buttons or other shell goods are exposed at the same 
place at the same time, the radiation energy at the place 
will be estimated from the ratio between them and will 
facilitate the medical treatment. Therefore, if both 
substances are gathered from houses around or near the 
site of the accident, the radiation energy as well as the 
absorbed dose can be estimated from the ESR 
absorption intensities. 

Figure 7 shows the energy dependence of the ESR 
signal of both the sugar and shell buttons in the energy 
range from 35 keV to 1.25 MeV. The ESR response was 
normalized to one for “Co y rays. 

As can be seen in Fig. 7, shell buttons show a 
dependence on the energy of the ionizing radiation, and 
the response for 35 keV was about 5.5 times that for Co 
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Figure 7. Energy dependence of ESR sensitivity of (a) sugar and 
(b) shell buttons and (c) the response ratio between them. 


y rays. This energy dependence is similar to that of 
CaSO, thermoluminescent dosemeter phosphors. If it is 
assumed that the shell material consists of CaCO,, the 
effective atomic number of shell, calculated using the 
mass attenuation coefficient of Hine and Brownell 
(1956), is about 15, which is nearly the same as that of 
CaSO,. This may explain the large energy dependence of 
shell buttons. On the other hand, sugar scarcely shows 
any dependence on the energy of the ionizing radiation in 
the range from 35 keV to 1.25 MeV, and the response for 
35 keV was about 0.9 times that for 1.25 MeV. These 
results reveal that the ESR response of the irradiated 
material is dependent on the effective atomic number. If 
both the sugar and shell goods such as buttons and 
broochs, with differing effective atomic numbers, are 
collected from the same place, the effective energy of the 
radiation can be estimated from the ESR response ratio 
between these materials. Such information could 
contribute to the medical treatment of exposed persons. 


Conclusions 

The results presented in this paper indicate that it 
should be relatively simple to detect a dose of about 
0.04 Gy using this ESR method and suitable substances. 
If saccharides such as sugar, sugarplum (Ze. candy or 
sweets), dextrose, fructose and maltose, or shell goods 
left in houses around or near the site of an accident, such 
as the Chernobyl reactor plant, are used as a dosimetric 
sample, the external dose at the accident can be 
estimated long after the accident. This evaluation of the 
external dose could contribute to the estimation of the 
effect on the health of people exposed even when the 
exposure is at a low dose-rate. 
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Abstract. Interstitial implants for brain tumours with removable iridium-192 radioactive seeds have been performed using a 
Brown-Roberts-Wells stereotactic frame. A simple and accurate computed-tomography-guided dosimetry pre-planning technique 
and procedure prior to implant have been developed and are discussed. 


Over a number of years, it has been recognized that 
aggressive de-bulking surgery followed by external-beam 
radiation treatment provides the best prognosis in terms 
of survival for patients with brain tumours (Scanlon & 
Taylor, 1979, Walker, 1979). Almost a decade ago, it was 
reported that increasing the radiation dose up to 70 Gy 
resulted in an improvement in survival (Salazar et al, 
1979). However, radiation toxicity to normal surround- 
ing brain parenchyma continues to be a limiting factor. 
Interstitial brachytherapy may be a logical choice (Gutin 
et al, 1984; Sewchand et al, 1984: Rossman et al, 1985; 
Saleman et al, 1986) because it restricts a much higher 
dose to the tumour site. 

The potential success of such implants is primarily 
dependent on accurate knowledge of tumour volume and 
precise placement of catheters carrying radioactive seeds. 
in recent years, various stereotactic frames guided with 
computed tomographic (CT) scanners, such as the 
Leksell frame (Leksell, 1951), Marchosky—Moran system 
(Marchosky & Moran, 1983), and the Brown—Roberts— 
Wells (BRW) frame (Heilbrun et al, 1983), have been 
developed to help place a single or multiple catheter(s) 
carrying radioactive sources into brain tumours with 
remarkable accuracy. 

in terms of target volume determination, while some 
investigators have tried to use high-power computers to 
re-construct three-dimensional tumour volumes for such 
implant procedures (Lansky et al, 1983), many 
procedures still oversimplify by assuming the brain 
tumour to be ellipsoid (Weaver et al, 1986). Also, while 
some have designed a template allowing the catheters to 
be inserted only parallel to the CT scan plane (Abrath et 
al. 1986), others have used the BRW stereotactic frame 
which allows catheters to be inserted from any direction 
for brain tumours (Mackay et al. 1982; Heilbrun et al, 
1983). 

In 1983, the neuro-oneclogy group at New England 
Medical Center developed a protocol using the CT- 
guided BRW stereotactic system for interstitial implants, 
as part of the treatment of malignant brain tumours. 
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Patients with recurrent, primary or metastatic brain 
tumours of 5cm or less in diameter were eligible. Iri- 
dium-192 radioactive seeds were used to deliver a dose 
rate of 80-100 cGy h` t up to 100 Gy in total to the 
contrast-enhancing margin of the tumour. The advan- 
tages of the sharp dose drop-off because of the lower 
energy of iodine-125 as used by other investigators 
(Gutin et al, 1984; Eddy et al, 1986) is compromised by 
the expense of these high-activity sources. 

In this paper, a simple but accurate CT-guided dosi- 
metry planning technique and procedure to determine 
the target volume at the neurosurgeon’s viewpoint and to 
place catheters with removable Ir seeds is described. 


Materials and methods 

About a week prior to the scheduled implant pro- 
cedure, the position must be determined of an entry 
point or burr hole on the patient’s scalp, through which a 
catheter will be inserted. The path of the catheters to 
reach the tumour must avoid major vessels, motor strip, 
and midline ventricles of the brain. A small dot of radio- 
opaque barium is placed to mark the position so that it 
will show up on CT scans. A contrast-enhanced CT scan 
is performed on a Siemen’s DR3 CT scanner with 4mm 
slices from the base of skull to the vertex to cover the 
entire tumour volume as well as the barium dot. 

The co-ordinates of the barium dot and a reference 
target in the tumour must be determined next. First, the 
scan with the barium dot indicating the entry point of the 
first catheter is identified. The cursor of the CT scanner is 
used to obtain the pixel position of the X and Y co- 
ordinates of the entry point. Secondly, a representative 
scan of the tumour is selected to provide its centre. 
Usually, it is the one with the largest dimension. Using 
this reference scan, the cursor is again used to determine 
the X and Y co-ordinates of the reference target at the 
centre of the tumour. It should be easily reproduced on 
the day of implant when the patient is scanned with the 
BRW stereotactic frame in place. 

The tumour volume should be reconstructed from the 
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Scan With The 
Marked Burr Hole 


Figure 1. Schematic diagram of the reconstruction of an oblique 
CT image encompassing both burr hole, B, and target, O. The 
angle @ represents the angle of obliquity of the reconstructed 
image. 


Reference Scan 


neurosurgeon’s perspective. An oblique image is necess- 
ary to include both the barium dot (burr hole) and the 
reference target at the centre of the tumour in the same 
plane. The angle necessary to form this oblique image is 
obtained by connecting the X and Y co-ordinates of the 
entry point and the reference target with a straight line. 

Figure | illustrates schematically what is described 
above. The origin, O, represents the reference target in 
the tumour and B represents the entry point on the skull. 
The angle, 0, represents the angle of the oblique recon- 
structed image. To obtain the neurosurgeon’s viewpoint 
of the tumour, the frame of reference XYZ is rotated 
around the body axes, i.e. the Z axis, to become a new 
frame of reference X’Y’Z’. In this new frame, the Z’ axis 
is the same as the Z axis and the entry point and the 
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Figure 2. Schematic diagram of an oblique image which illus- 
trates the trajectory pathway of the reference catheter, BO. The 
distances of PQ and RS, measured on the CT screen, represent 
the length and depth, respectively, of tumour from the neurosur- 
geon’s viewpoint. 
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Figure 3. Schematic diagram of the oblique reconstructed image 
which is perpendicular to that described in Fig. 2. The measured 
distance, MN, represents the width of the tumour. 


target are in the same Y‘Z' plane. This simple approach 
reduces a potentially complicated three-dimensiona! 
problem to relatively easy two-dimensional geometry. 

In the oblique CT reconstructed image shown schema- 
tically in Fig. 2, the line connecting the entry point, B, 
and the reference target, O, defines the trajectory or 
pathway of the first or reference catheter. Furthermore, 
many essential measurements, such as the depth of the 
reference target, BO, the angle of the catheter, ø, the 
over-shoot distance, OS, for the catheter to reach the 
distal margin of tumour, and the length of catheter, RS, 
within the tumour, are carefully determined using the 
distance-measuring cursor of the scanner. 

From the length of tumour, PQ, measured from the 
neurosurgeon’s viewpoint, more targets may be necess- 
ary to ensure an adequate dose coverage. In most cases, 
two more targets are chosen at either side of the reference 
target with appropriate spacings ranging from 0.7 to 
1.7 cm. Similar measurements have to be made along the 
parallel trajectories using the distance-measuring cursor. 

To determine the width of the tumour, another obli- 
que CT image along the OX’ axis with an angle perpen- 
dicular to the original oblique image is necessary (see 
Fig. 1). The width of the tumour, MN, is measured at the 
level of the reference scan, as shown in Fig. 3. Again, 
depending on the size of tumour, more catheters may be 
necessary. If more catheters are required for adequate 
dose coverage, basic measurements such as the depth, 
angle, over-shoot distance, and the length of catheter in 
the tumour may be reasonably assumed to be approxi- 
mately the same as for the reference catheter. If one 
wishes to be more accurate in placing these catheters, 
more oblique CT images parallel to the first one (along 
OY") may be obtained at an appropriate spacing. One 
then proceeds using the same steps as before for deter- 
mining the positions of the catheters. 

With all three dimensions of tumour volume measured 
from the neurosurgeon’s viewpoint, a simulated treat- 
ment plan is then created using the AECL Theraplan 
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Figure 4. Schematic diagram showing the geometric rationales 
to determine the distance, /, between two targets on the 
reference sean. The distance, d, 1s the spacing between two 
catheters and œ is the angle of the reference catheter from the 
burr hole to the target. 


treatment-planning computer. The optimal treatment 
plan determines the number and position of the cath- 
eters. Tridium-192 seeds of an activity of 1 mg(RaEq) 
sach are used in this planning. Spacing between seeds in a 
catheter is O0.5cm to avoid “ripple” effects in dose 
distribution at close range. According to our protocol, a 
total of 100 Gy will be delivered (in addition to 60 Gy 
from the external-beam treatment) to the margin of the 
contrast-enhanced region over 5 days. Consequently, the 
seed activity can be scaled up or down from | mg(RaEq) 
to achieve an appropriate dose rate, e. 80-100 cGy h”. 
Seeds with different activities are sometimes used in 
planning. They are ordered once the position of all the 
catheters and the number and activity of the seeds have 
been determined from an optimal computer-simulated 
plan. 

On the day of implant | week later, another CT scan 
with a BRW stereotactic base frame and its localizer is 
performed on the patient. Care must be taken to ensure 
the CT gantry angle is the same as used for the planning 
CT scan. Once the same reference scan is selected, the 
reference target is also carefully reproduced on that 
SCAT 

Since catheters are not likely to be perpendicular to the 
reference scan, the distances of other targets with respect 
to the reference target on that scan must be determined. 
First, we orient ourselves to the new frame of reference, 
XYZ co-ordinates, which is rotated with the same 
angle as the angle of the oblique image around the Z axis 
(see Fig. 1). In this new frame of reference, shown in 
Fig. 4, the distance, d, between two catheters situated on 
the Y'Z' plane is not the same distance measured on the 
reference scan. Rather, the projected distance, OT or /, 
between these two catheters or targets on the CT scan is 
dising, where œ is the angle of the trajectory of the 
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catheters. Therefore, the Y’ co-ordinate of the second 
target, T, can be appropriately calculated and positioned 
on CT scan. Its pixel position, ie. column and line, are 
also accurately recorded and input to another program 
also provided by the BRW stereotactic frame manufac- 
turer. This program enables users to back-project the 
catheter pathways parallel to each other from the targets 
to the skull. 

After repeating this procedure for all targets, a dia- 
gram can be created containing the configuration of all 
catheters including their spacing with respect to the 
reference catheter, the active source length in each cath- 
eter calculated from the length of catheter traversing 
through the tumour, and the over-shoot distance of the 
catheter to be pushed once it has reached its target. There 
are occasions when the ‘‘over-shoot” distance is nega- 
tive, when the catheter is not inserted the complete 
distance to the target. 

The implant procedure takes place in the operating 
room with the patient under local anesthaesia. With the 
guidance of the BRW arc system, a burr hole is drilled at 
the pre-determined position. A catheter with a steel stylet 
is inserted until its tip reaches the given depth which 
includes the depth from the skull to the target and the 
“over-shoot” distance. After all the catheters are in 
place, ribbons with dummy seeds are inserted and radio- 
graphic confirmation of catheter placement ts obtained. 
If the catheter placement agrees with the plan, they are 
loaded with radioactive Ir seeds. This afterloading 
technique reduces unnecessary exposure to the operating 
room personnel, An additional set of orthogonal radio- 
graphs are obtained after leaving the operating room for 
isodose calculations. 


Discussion and conclusions 

For a brain tumour implant to be successful, a tech- 
nique for delivering adequate radiation dose to cover the 
tumour volume is essential. It should be comprehensive 
but not prohibitively complicated in its ability to cover 
the tumour volume and estimate dose delivery in treat- 
ment planning. The technique described in this paper 
demonstrates that a three-dimensional tumour volume 
can be simply reconstructed from the neurosurgeon’s 
viewpoint using a CT scanner. It also comprehensively 
determines the number of necessary catheters, the posi- 
tion of these catheters, and the number of seeds and their 
activities, all prior to the implant. Furthermore, with 
good reproducibility of the treatment-planning CT scan 
and the scan with the BRW frame in place, this pro- 
cedure also allows the catheters carrying the radioactive 
seeds to be guided accurately to their planned position. 

In conclusion, virtually any institution using BRW 
stereotactic frames for brain implants is able to use the 
technique and procedure outlined in this paper to per- 
form treatment planning with just a CT scanner, making 
a three-dimensional high-power treatment-planning 
computer unnecessary. 

The clinical results in terms of complications and 
survivals are presented in the second part of this paper 
(Chun et al, 1989). 
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Abstract. The treatment results of 37 patients with malignant brain neoplasms treated with a computed-tomography-guided 
stereotactic iridium-192 implant are reviewed. Of these, 29 patients with high-grade gliomas (20 with glioblastoma multiforme 
(GBM), nine with anaplastic astrocytoma (AA)) received an implant as part of their initial management. The median survival was 
14.5 and 15.5 months in the patients with previously untreated GBM and AA, respectively. In those patients with recurrent tumour 
after external-beam irradiation, durable local control over a year was achieved with implantation. Increasing the total tumour dose 
from 120 to 160 Gy did not improve survival or local control. Karnofsky Performance Status (KPS) was used as an indicator of 
quality of life and was seen to decrease with a median interval of 8.5 months following treatment. No severe complications were 


noted in the entire group of patients treated with this implant procedure. 


The estimated meidence of primary brain tumours for 
the Linited States in 1987 is 14 700, with 10200 deaths 
(Silverberg & Lubera, 1987). Of these, high-grade 
astrocytomas are the most common primary malignant 
brain tumours in adults. 

Even with aggressive surgery and conventional 
external-beam radiation therapy, the overall survival ts 
generally poor. Several retrospective analyses have 
demonstrated that the 5-year survival rates with surgery 
followed by radiation therapy for anaplastic 
astrocytoma (AA) and glioblastoma multiforme (GBM) 
are approximately 20% and 0%, respectively. A median 
survival of 24 months is reported for AA and 9 months 
for GBM (Marsa et al, 1975; Sheline et al, 1975; Rutten 
et al, 1981). Most deaths are due to persistent or 
recurrent disease at the primary tumour site. One post- 
mortem study demonstrated that 90% of tumour 
recurrences occur within 2cm of the original tumour 
volume (Hochberg & Pruitt, 1980). A few studies 
comparing whole-brain irradiation and local or partial 
brain irradiation have not demonstrated a difference in 
survival (Ramsay & Brand, 1973; Descyryer et al, 1976; 
Burger et al, 1983). 

The Brain Tumour Study Group has shown a dose- 
response relationship for malignant ghomas and 
demonstrated an increase in the median survival when 
total doses of 6000 cGy against 5000 cGy were used with 
conventional fractionation (Walker et al, 1979). Salazar 
et al (1979) demonstrated an increase in survival by 
increasing the total dose from S000 cGy to 6000 and 
7000 cGy (30 weeks against 42 and 52 weeks). Although 
a higher dose to the tumour bed appears to be warranted 
for longer survival, the toxicity of this high dose 
delivered by conventional external-beam radiation 
therapy can lead to severe complications including 
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cerebral radionecrosis and death (Sheline et al, 1980; 
Marks et al, 1981). 

As early as 1914, Frazier performed the first 
radioactive seed implant for a brain tumour with the 
intent of delivering a high local tumour dose. The 
technique has been improved since the development of 
the stereotactic frame in the mid-1950s (Leskell, 1951) 
with better accuracy of implant volume and dosimetry. 
Multiple reports are available regarding technique and 
preliminary results (Bouzaglou et al, 1985; Rossman et 
al, 1985; Abrath et al, 1986; Eddy et al, 1986). We have 
described our pre-planning and dosimetric technique in 
Part I (Wu et al, 1989) and report here our initial clinical 
results of 37 patients. 


Materials and methods 

On the day of surgery, 4mm computed tomographic 
(CT) cuts are done on the patient with BRW localizer 
ring in place. On the same reference scan obtained at the 
time of tumour volume reconstruction, the X,Y co- 
ordinates for each catheter and of the nine rods of the 
localizer ring were required to determine the four angles 
and depth necessary for placement of the first catheter. 
The parallel trajectories of the other catheters can also be 
determined with another program at the same time. The 
implant procedure is performed under local anaesthesia 
in the operating room. The BRW arc frame is set 
according to the calculated and verified angles. The 
catheters are inserted and reach the target at a given 
depth according to the pre-plan (Wu et al, 1989). A set of 
orthogonal radiographs are taken to confirm the 
position of catheters and iridium-192 sources are inserted 
as a final step in the operating room. The entire implant 
procedure can be performed in 2-3 h. 

Patients were carefully selected for this procedure. 
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Table 1. Tumour characteristics 
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Histopathology 
Glioblastoma multiforme 24 
Recurrent (4) 
Primary, untreated (20) 
Anaplastic astrocytoma, primary 9 
Others 4 
Location of tumour 
Frontal lobe 15 
Parietal lobe 9 
Temporal lobe 5 
Occipital lobe 4 
Thalamus 4 
atten nnn eer 
Primary malignant gliomas, recurrent metastatic 


tumour, or recurrent high-grade gliomas were included. 
Selection criteria included age less than 70 years old, 
Karnofsky Performance Status (KPS) over 70, 
maximum tumour diameter of 5cm within the contrast- 
enhancing region, and tumours not in proximity to the 
motor strip. 

Between April 1984 and June 1987, 37 patients were 
entered into this study. The characteristics of tumours 
are shown in Table I. A total of 29 patients (20 GBM and 
nine AA) received interstitial implantation as primary 
treatment and the other eight patients underwent 
implantation for local failure from previous external- 
beam treatment. Prior to the implant, most patients had 
a debulking procedure and five patients underwent 
stereotactic biopsy only for tissue diagnosis. The 
characteristics in patients with primary gliomas are 
described in Table II. 

In primary untreated gliomas, patients started a 
course of external-beam irradiation on either a 4 or 
6 MV linear accelerator with a 5cm margin to 5000 cGy 
followed by a reduced field including the tumour with a 
2cm margin for another 1000cGy (180 cGy/fraction). 
Initially, implantation was performed and delivered 
6000 cGy within 2-3 weeks following the completion of 
external-beam irradiation (in seven patients with GBM 
and five patients with AA). In a few cases, tumour 
growth was noted on follow-up CT scans after the 
external-beam treatment prior to implantation, 

Since November 1985, the treatment schedule has been 
modified and the implant performed halfway through 
the external-beam therapy. The tumour dose from the 
implant was increased to 10000 cGy because of 
histologic evidence of persistent tumour cells in 
specimens from two patients who underwent re- 


Table If. Patient characteristics for 29 primary high-grade 
ghomas 


Seenen aaan 


Average age Average tumour size Sex 
M F 
20 GBM — $2 (24-70) 54 (4-175) 10 10 
9 AA 43 (26-65) 36 (16-70) 6 3 


manamana aee 
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operation. The total dose was adjusted to 16000 cGy. 
Eleven patients with GBM and three patients with AA 
were treated in this manner. Since October 1986, 
implantation alone was considered as a primary 
treatment for tumours smaller than 3cm in diameter, 
reserving external-beam treatment as a salvage modality. 
Two patients with GBM and one patient with AA were 
treated in this fashion. 

Implant volume was determined by the area of 
contrast enhancement on the CT scan obtained 1-2 
weeks prior to the scheduled implant procedure. The 
volume in 37 patients ranged from 4 to 175 cm? {average 
54cm*) and average tumour volume in patients with 
GBM was larger than that in patients with AA (64 
against 36cm3). A total of between three and eight 
catheters were placed to cover the volume with |-1.5 cm 
separation between catheters as determined by pre- 
planned dosimetry. The activity of sources {average 
52 MBq(1.4 mCi) per seed) was ordered to cover the 
tumour volume with 80-100 cGy h-'. 

Follow-up ranged from 2 to 50 months after the 
implant with a median follow-up of 27 months. 
Computed tomographic scans were obtained at 3-month 
intervals to assess tumour response. The time interval 
until the first decrease in KPS and the interval from the 
implant until the KPS was less than 50 were documented 
to assess quality of life. Survival was calculated using the 
Kaplan-Meier method for statistical analysis (Kaplan & 
Meier, 1958). 


Results 

The implant procedure was tolerated very well by all 
patients without catheter-induced haemorrhage or 
seizure. A total of eight patients had some kind of 
complication from the procedure itself (Table HD. There 
were no infectious episodes after the institution of 
antibiotic prophylaxis while the catheters were in place. 
The three patients who experienced worsening 
neurological function immediately after the procedure 
had tumour located near the motor strip and regained 
their strength to the level of the pre-implant KPS with 
physical therapy. 

Survival was analysed separately by grade, total 
tumour dose, age at presentation and tumour volume. 
The results are summarized in Table IV. There was no 
apparent difference in median survival by grade (14.5 
months in patients with GBM and 15.5 months in 
patients with AA) and by tumour volume. The patients 
with recurrent GBM survived 8.8 +. 9.9, 10 and 15.4+ 


Table IH. Complications after implant procedure 


ranean eemttnmenssenemtninnettnruennsternestreeipsiintineenneanne 


Meningitis 2 
Worsening neurological status 3! 
Pustule at suture site | 
Temporary CSF leaks 2 
Total 8 


“All three patients had tumour near the motor strip and 
gained neurological function with physical therapy. 
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Table IV. Median survival from time of diagnosis in patients 
with primary gliomas 





14.5 months 
(4.5-27.24+) 


Overall survival in 20 primary GBM 


Patients age < 50 years l6 
> SO years [3 

Tumour size < 40 cm’ {4.5 
> 40 om!’ 14.5 


Overall survival in 9 AA 18.5 





months from the time of the implant after having 
recurred I1, 18, 18 and 4 months, respectively, after the 
completion of external-beam therapy. Median survival 
from the time of diagnosis for the patients less than 50 
years of age was 16 months and for those older than 50 
years, 13 months. Survival for the five patients younger 
than 40 years was 11.6, 14.4, I6+, 16+ and 21.3+ 
months. 

Two patients with metastatic breast cancer survived 
120+ and 76+ months from diagnosis of brain 
metastases and 22+ and 23+ months from the time of 
implant without evidence of recurrence. One patient with 
metastatic melanoma survived 9 months after the 
implant and exptred with carcinomatous meningitis. A 
patient with a mixed oligodendroglioma died of 
progressive local disease at 96 months from initial 
diagnosis after having recurred 60 months following 
externail-beam therapy. 

The patterns of failure were documented by follow-up 
CT scans or by autopsy reports in 23 patients with 
malignant ghomas. Fourteen patients had local failure 
alone, six had local failure and sub-ependymal spread 
and two patients failed with both local and multicentric 
parenchymal disease. The last patient was locally 
controlled but failed with sub-ependymal spread. 

The initial average KPS was 80 and was determined 
after the surgical procedure. The median time interval 
between implantation and the first decrease in KPS for 
all patients was 8.5 months (7.5 months tn patients with 
primary GBM and 7 months in AA patients). This 
correlated well with the median interval until an increase 
in the contrast-enhanced region was identified by CT. All 
patients who demonstrated a decrease in KPS progressed 
to a KPS of less than 50 within 3 months. 

Three patients underwent brain implantation as their 
initial therapy, reserving external-beam treatment for 
recurrence or tumour re-growth. One patient had near 
total resection of a left frontal GBM in October 1986 and 
implant at the tumour resection margin with two 
subsequent cycles of intra-arterial BCNU. He developed 
sub-coronal spread with local tumour growth in 3 
months for which he received external-beam treatment. 
He died 6 months after the diagnosis. The second patient 
presented with a small tumour, 3cm diameter, in the 
right frontal lobe which was implanted with four 
catheters in January 1987. Shortly after the first cycle of 
chemotherapy. he was found to have distant tumour 
growth with local control in the primary tumour bed. 
Subsequent irradiation had been given with stabilization 
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of his KPS at 60. The last patient is a young female witha 
totally resected AA in the right frontal lobe. In her case, 
implant alone has been successful for local tumour 
control over 8 months without evidence of any 
complication. 

Re-operation was performed in nine patients for 
clinical deterioration and increase in the contrast- 
enhanced region on the CT scan. Three patients, two 
with gliomas and one with metastatic tumour from 
breast cancer, had necrosis without tumour cells in the 
re-operation specimen. The two patients with high-grade 
gliornas died shortly after re-operation. The patient with 
breast cancer is still alive. The other five patients showed 
mostly necrosis and foci of tumour cells, but progressed 
locally and died soon after the surgery. Seven of these 
eight patients received chemotherapy after their 
irradiation. The patient with metastatic malignant 
melanoma showed tumour cells in the specimen and died 
of carcinomatous meningitis. The median survival after 
re-operation in all nine patients was 4.5 months. 


Discussion 

Interstitial brain implantation allows a high localized 
dose of radiation to be delivered to a defined target 
volume. The European experience with interstitial 
irradiation has focused on low-grade gliomas. Szikla et al 
(1984) performed implants with removable 'Ir wires in 
patients with Grade HI and Grade IV gliomas and 
achieved a 5-year survival of 55% and 2-year survival of 
19%. The experience in patients with recurrent gliomas 
has demonstrated an overall response rate of 68% in 
those with recurrent neoplasms treated with 3000-12 000 
cGy (Gutin et al, 1984). The updated results showed that 
the median survival for 18 recurrent GBM was 52 weeks 
after brachytherapy and 153 weeks for 23 recurrent AA 
(Gutin et al, 1987). 

The Northern California Oncology Group has, since 
1983, been carrying out a Phase I] study combining 
external-beam irradiation with hydroxyurea as a 
radiosensitizer and multi-agent systemic chemotherapy 
utilizing interstitial irradiation as a “boost”. Leibel et al 
(1987) reported a preliminary finding of a 3-year survival 
rate of 53% in patients with AA and 55% in patients 
with GBM. Rossman et al (1985) reported median 
survival of 23 months in three patients below the age of 
40 years, and II and 12 months in four patients aged 40 
to 60 years and those greater than age 60 years, 
respectively. The median survival for the patients with 
previously untreated GBM in this series of 14.5 months 
is a slight improvement from the data of other series 
using conventional radiation therapy with or without 
adjuvant chemotherapy (Sheline, 1975; Walker et al, 
1980). However, the results are still disappointing. 

Our own result is obviously an experience based on the 
selected group with an average KPS of 80 and with 
tumours less than Scm diameter. Even in this small 
patient group, there 1s a trend of better survival rate in 
younger patients aged less than 40 years. Similar 
observations were reported previously after the 
treatment of high-grade gliomas (Walker et al, 1980). 


The British Journal of Radiology, February 1989 


"Ir implantation for malignant brain tumours 


Surprisingly, the median survival of patients with AA 
was only 15.5 months, which is not different from the 
survival of patients with GBM. Similar findings have 
been reported by Leibel et al (1987). 

We found that the sequencing of the external-beam 
irradiation and the implant had no influence on survival. 
It is not clear why there was decreased survival for the 
patients who received a higher dose. It is possible that 
necrosis or inclusion of patients who demonstrated 
tumour re-growth when the external-beam radiation is 
given during the first 6 weeks may have contributed to 
the decreased survival. It has been documented that there 
is tumour progression in 11% of patients when serial CT 
scans were taken after surgery and radiation therapy 
(Marks & Gado, 1977). 

The number of patients who failed with distant spread 
of disease away from the primary tumour bed was more 
than expected. Other authors have demonstrated that 
there was no statistical difference between those patients 
with malignant gliomas who received an implant 
compared to those treated conventionally (Choucair et 
al, 1986). 

The implant procedure did not adversely affect the 
quality of life in this group of patients. The median 
interval until the KPS decreased for all patients was 8.5 
months, which is comparable to the overall survival of 
patients with GBM in most series. After the initial 
decrease in the KPS, the average time until the patients 
reached a KPS of less than 50 was 3 months. Patients 
generally died a short time after that. 

Re-operation did not provide a significant benefit to 
patients in this series. Necrosis as the only pathological 
finding in the re-operation specimen was seen in only two 
patients with GBM and they both died within 4 months 
of the procedure. Patients with necrosis and tumour 
identified in the pathological specimen all died shortly 
after the re-operation. 


Conclusions 

In summary, interstitial irradiation can be performed 
as a boost treatment without major side-effects in the 
management of primary untreated high-grade gliomas. 
The appropriate dose from the implant is still not defined 
and those patients who received a total dose of 
16000 cGy appeared to do worse than those who 
received 12000cGy. A durable local control can be 
obtained in those patients with recurrent primary CNS 
neoplasm or selected patients with brain metastases. 
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Abstract. Various film-screen combinations intended for mammography have been compared for image quality and for dose. 
Image quality was assessed as in an earlier paper, using a test object having details which are both realistic and quantitative. Relative 
doses required to give film densities of 1.0 were measured. The Kodak MinR-MinR combination was taken as a standard against 
which others were compared, and in general a lower dose was accompanied by poorer image quality. The Fuji NH film with F uji Hi- 
Mammo screen was the sole exception, giving slightly better image quality at about half the dose required by the MinR combination. 
A number of cassettes were also compared with each other and with evacuated envelopes. The Dupont Cronex cassette and three 


carbon-fibre fronted cassettes all performed well in image quality. 


In an earlier paper (Kirkpatrick & Law, 1987), results 
were reported on comparisons of image quality and 
speed between various film-screen combinations used in 
mammography. That work was carried out in 1985- 
1986, and concluded that the Kodak MinR-MinR 
combination remained the best available for image 
quality, except for Agfa Medichrome Blue which is no 
longer available. Some other combinations required a 
lower dose, but the loss in image quality was considered 
to outweigh this advantage. At present dose levels, image 
quality and diagnostic accuracy are thought to be more 
important, even in a screening programme (Law, 1987). 
This view is supported by remarks made in leading 
articles elsewhere (Anon, 1985; Roebuck, 1986). 

The MinR-MinR combination appeared then to have 
been the best black and white one for image quality since 
1980, and it was surprising that no newer one had 
displaced it in this respect. The desirability of identifying 
a fresh combination which gave better image quality at 
lower dose was fully recognized. This paper reports 
further trials and provisionally identifies one such film— 
screen combination. The opportunity has also been 
taken to compare various cassettes with each other and 
with the Dupont evacuated plastic envelope system used 
previously. 


Materials and methods 

In general these have remained as close as practicable 
to those used in the previous study referred to. For a test 
object, the “Barts” phantom (White & Tucker, 1980) has 
again been used. At the time of this work, 1987-1988, it 
remained the only one available to us which was 
quantitative and contained “realistic” details, apart from 
the Wisconsin type, which was previously shown to give 
the same results as the Barts one but which is much more 
complex and time consuming in use. 

Films and screens supplied to us by various 
manufacturers have been compared in the Dupont 
evacuated black plastic envelopes. As before, each film 
has been tried on screens of the same manufacture and 
on MinR screens, and each screen has been used with the 
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corresponding film(s) and with MinR film. A few other 
combinations have also been tried. Cassettes have been 
compared with envelopes using films and screens of the 
same manufacture, or using MinR, and sometimes both. 

All films were exposed on a CGR 500t X-ray set in the 
Royal Infirmary, Edinburgh, and processed on a Durr- 
Med Model 260 table-top processor. This X-ray set has a 
molybdenum target. The processor was the one adjacent 
to this X-ray set; the image quality obtained with it using 
MinR films and screens was found to be as good as on 
any of six others available to us (Law & Kirkpatrick, 
1988). Kodak chemicals were used at 35°C. with a 
nomial processing time of 3.5 min which was close to 
2.5 min when corrected for feed time. 

For an ideal comparison of films, the processing 
chemicals should match the film in every case, and the 
same processor and of course the same X-ray set must be 
used for all films. This is quite impractical unless a 
processor with an adjacent X-ray set is available 
dedicated to research and development work. In 
practice, X-ray departments do not always choose their 
processing chemicals to match their film. Moreover, in 
informal discussion, two major X-ray film makers have 
said that processing chemicals should not affect image 
quality in films of different make provided processing 
instructions are strictly adhered to. In our experience, 
seven processors of various makes using various 
chemicals have given almost uniformly good image 
quality with MinR film (Law & Kirkpatrick, 1988). 

Manual exposure control was used throughout, and 
the aim was to have a density of 1.0 under blank parts of 
the phantom near the centre of the field. For each 
combination of film and screen, whether in envelopes or 
cassettes, six radiographs were obtained under identical 
conditions, The density of each film was measured and 
the mAs used was noted: in this way the mean mAs 
required to achieve unit density was estimated. 

All radiographs were obtained at a nominal 25kV 
using molybdenum filtration (0.03 mm), and at 55cm 
FFD. Measurements of tube kV by various techniques, 
including K-edge fluorescence detection and an RMI 
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Model 232 digital kV meter, suggest that the actual kV 
was probably about 24. 


Results 
Films and screens 

Each radiograph was scored by each author 
independently, the number of details visible (out of a 
total of 78) being taken as the score. Allowance was 
made for details doubtfully visible, and the two scores 
combined as described in the previous paper. The quoted 
uncertainties are standard errors on the means of each 
set of six radiographs and represent 68% confidence 
levels. It will be noted that these scores are higher than 
those reported when Barts phantoms were first used 
(Fitzgerald et al, 1981). This is not surprising as in the 
intervening period X-ray sets have improved very 
considerably, there have been some improvements in 
films and screens, and there is greater recognition of the 
need for care in processing and for dedicated 
mammography processing. 

Since the work was carried out over many months, the 
MinR-MinR combination was used at intervals 
throughout this period, which provided some check on 
the consistency of standards in processing, in scoring and 
in the quality of the MinR films and screens themselves. 
For the whole of the period concerned they were the type 
used clinically in this department. 

Results from a number of Kodak films were reported 
in the previous paper, all used with MinR screens. Since 
then no new Kodak films or screens have been available 
to us. For convenience, results from each of the other 
main manufacturers are grouped in separate tables: Agfa 
products are shown in Table I, Dupont in Table H, Fuji 
in Table I and 3M in Table IV. Other products are 
grouped in Table V. 

it is important to appreciate that a small change in 
score represents an appreciable change in image quality. 
For example, a score of 53.5 was found at a nominal 
28 kV compared with 48 at a nominal 35 kV on the same 
X-ray set and processor. From past experience, a score of 
55 is good, one of 52 is mediocre and below 50 is 
relatively poor. Results in this series of comparisons 
cannot be compared directly with those of the previous 
paper, as both the X-ray set and the processor are 
different. 


Table I. Image scores and relatiye doses for Agfa products 

and Kodak MinR 

“eject nom faa HONS S ADRESA aAa SNA Tee TNT 
Film Screen 

Agfa Agfa 

DetailS Detail 

(new) 


MinR Agta 
Detail 


image MinR 553404" 54.2405 4951.1 49.9407 


scores MR3 547406 512405 468406 476405 
Relative MmR LO 0.95 0.5 1.0 
doses MR3 045 0.45 0.25 0.45 


zr svete enunnminecmvmemmdcaNH SIAL ADOLESC TENET TCH NSN 


“Mean of five sets of six radiographs. 
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Table H. Image scores and,relative doses for Dupont products 
and Kodak MinR 


Film Screen 
MinR Cronex 
Ortho-Micro 
Image Min 55.3 +0.47 54.5408 
scores Cronex Micro §2.940.7 $1.84 1.0 
Cronex Micro Plus 51.9+0.5 $1.7209 
Cronex SP 150 §2.3+0.5 S1.6+1.0 
Relative MinR 1.0 1.0 
doses Cronex Micro 0.5 0.5 
Cronex Micro Plus 0.45 0.45 
Cronex SP 150 0.4 0.35 


a TTT NTT TTT TennTTTTTTTTnT TT TT aes aemner os aannsenenemmmondeetasaminetemnionene AAAA AEEA 


“Mean of five sets of six radiographs. 


Table IH. Image scores and relative doses for Fuji products 
and Kodak MinR 


Film Screen 
MinR Fuji 
HiMammo 
Image scores MinR 55.3404 55.6 + 0.5: 
Fup NCH 5390.6 53.740.8 
Fuji NH 53.810 56.04 0.54 
Relative doses Mink 1.0 1.05 
Fuj NCH 0.85 0.85 
Fuji NH 0.5 0.55 


TET eT ET TT ASABEN ADDAA AA 


“Further comparisons with this screen are shown in Table VII. 
"Five sets of six radiographs each. 

‘Two sets of six radiographs each. 

“Three sets of six radiographs each. 


Table IV. Image scores and relative doses for 3M products 
and Kodak MinR 


ea ae a BATIET ARBARAN AABAA AAAA ANEA 


Film Screen 
MinR Trimax Tl Trimax T2 
Image MinR 55.3+0.4 5340.7 53.7405 
scores Trimax MS 52.5408 52.3410 52.8409 
SX315* 496440.5 4488+06 48.140.6 
Relative Mink 1.0 1.6 0.9 
doses Trimax MS 0.5 0.7 0.45 
SxX315° 0.25 0.35 0.2 


ROIDEAN DAEAR i BANAAN ATR ANEA OAA ANAA AAAA 
“Five sets of six radiographs each. 

*23M have stated that this film was a pre-production batch of 
their FM film. 


Relative doses, estimated as described above, have 
been normalized to 1.0 for MinR~MinR and rounded to 
0.05. In assessing risks to patients, the total integrated 
dose to the breast should be employed, and this naturally 
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Table V. Image scores and relative doses for other screens and 
Kodak MinR | 





Film screen 
MinR X-Ograph Toshiba” 
S- 100 MM 
Image MinR $5.340.4* $3.740.6 54.541.0 
scores Agfa MR3 537406 — 48.6+ 1.0 
Fuji NH 53.8410 538405 — 
Relative MinR 1.0 1.1 0.7 
doses Agfa MR3 O45 >e 0.3 
Fuji NH 0.5 0.6 — 


“It is understood that Toshiba no longer produce this screen. 
“Mean of five sets of six radiographs each. 


depends on many factors including beam quality and 
breast composition. Nevertheless, other things being 
equal, film speed is inversely proportional to patient 
dose, whether at the surface or integrated over depth. 
Therefore relative exposures as in Tables I-V should be 
proportional to relative risks (as far as film—screen 
combinations are concerned). 


Envelopes and cassettes 

Several cassettes have been made available by 
manufacturers. Some have plastic fronts while some 
others have carbon-fibre fronts. Each has been compared 
with evacuated envelopes on at least one and generally 
two film-—screen combinations, in exactly the same way 
that the films and screens have been compared. The 
results have been summarized in Table VI. A few small 
differences between results in Table VI and in earlier 
tables may be noticed. This is because the result using a 
cassette has been compared with the envelope result 
obtained on the same day, rather than with the mean 
envelope result from more than one day. 


Table VL. Results from various types of cassette 


Discussion 
Films and screens 

In Table I, the Agfa MR3 film is consistently poorer 
than MinR film on all four screens. The consistency of 
the difference is rather better than the uncertainties on 
the separate scores would lead one to expect. Of the three 
screens, none is as good as MinR, and the “Detail S” and 
the newer Detail screens are poorer than the older Detail 
screen (a further development of the Detail screen and a 
new film from Agfa are anticipated). 

In Table II, the Cronex Ortho-Micro screen is nearly 
as good as the MinR screen, but with no significant gain 
in dose required, on all four films. As with results in 
Table I, the consistency of the difference on each film 
gives added confidence in the results reported. The three 
Cronex films appear very similar in image quality, and 
are distinctly poorer than MinR. They are not very 
different in speed, and although the new SP150 is 
considerably faster than MinR film, this is not 
considered to outweigh the poorer image quality. Cronex 
Micro Plus film is double sided but was used here with a 
single back screen as were the others. 

In Table IH, the Fuji Hi-Mammo screen appears on 
average very slightly superior to MinR screens, though 
with no dose advantage. Further evidence for this slight 
average superiority is provided by the results in Table V] 
from various cassettes. As soon as this possibility was 
realized a further six loose screens of this type were 
borrowed from Fuji, and these were used in obtaining 
the results in Table HI, thus demonstrating that the 
advantage over MinR screens did not lie in one specimen 
only of this screen. 

The performance of the two Fuji films on MinR 
screens was not outstanding, the NCH failing to match 
that reported in the earlier paper and performing no 
better on the Fuji screen. The NH film, however, did 
perform well on the Fuji screen, slightly better than 
MinR film and at only about half the dose. 





Film Screen Cassette type 
Panic 
Kodak Agfa Detail 
MinR MinR 592410 = 
MinR Fuji HiMammo 56.04100  — 
MinR Agfa Detail  — 52.4+0.54 
Mink Cronex sh uae 
Ortho-Micro 
Cronex Micro Cronex o= o =e fs 
Ortho-Micro 
MinR Toshiba MM — = 
Mean difference 3141.1 2.5490.7 


envelope-cassette 


Cronex Hostna X- -Ograph“ X- -Ograph’ 

— 55,440.74 53.74 1.0 S3806 

_ 55.00. 6 55.04 1.0 $5.5+0.6 
54.8+ 1.0 wm — 
$1.8+09 me eo t”t~(“ts«s 

ae 539440.5 N 

~0.2+1.0 0.4+0.5 L1+0.8 O8+0.5 


LTT TT Ta a LLL LETT NT TARR PPA Aoi A Heri 


“Toshiba front, X-Ograph back. 
"Daylight model. 
‘Fuji screen loose on top of Kodak screen. 


“Dose ratio, cassette/envelope, about 1.4; all others between 0.9 and 1.0. 
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in Table IV, the Trimax T2 screen is faster than the 
Ti, and slightly faster than MinR, but both give poorer 
image quality on all three films. The MS film is faster 
than MinR and the $X315 faster again, but in each case 
the image quality is correspondingly poorer. Once more, 
the consistency of the differences between each pair of 
films and between each pair of screens is noteworthy and 
encouraging. 

in Table V. the results from a miscellaneous group of 
products are shown. The films have already been 
considered. Of the screens, the Toshiba MM performed 
nearly as well as MinR when each was used with MinR 
flr; and with some reduction in dose. This Toshiba 
sereen had its name marked in black lettering, another 
Toshiba MM screen with the name in gold letters 
performed very poorly. Toshiba are now believed to have 
ceased supplying screens. The X-Ograph S-100 screen 
was not outstanding in these tests, but two MinR films 
taken at another department with another screen of this 
type and sent to us for comment did score slightly better 
than two MinR-MinR films from that department 
(Lawinski, personal communication). The S-100 screen 
appears very slightly slower than MinR screens. 

To sum up this part of the work, the best film--screen 
combination for image quality appears to be Fuji NH on 
Fun Hi-Mammo screens. This combination was then 
compared with MinR-MinR on the original X-ray set 
and processor again, using a fresh supply of NH film and 
six different loose Hi-Mammo screens, and then on two 


examinations and over 5000 at first examination (Law, 
1987). In contrast. the numbers induced are likely to be 
in the range 10-20 (depending on number of films, 
whether grid is used, etc.). Therefore, if image quality 
falis to the extent that the detection rate falls by 10%, 
many more cancers will be missed than would be avoided 
by cutting the radiation dose to zero. 


Envelopes and cassettes 

A direct comparison of MinR films and screens in 
envelopes and in Kodak MinR cassettes was reported in 
the course of work with a grid (Kirkpatrick & Law, 
1985), and this showed a quite pronounced advantage to 
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Table VIL Further comparisons of Kodak MinR-MinR and 
Fuji NH-HiMammo film-screen combination 


X-ray Processor Image score 
set and aa animate aa Aaaa aR EAA a A aAA see werent S 
chemicals MinR- NH- Difference, 
MinR HiMammo Fup — 
Kodak 
CGR 500t Durr-Med 55.3 0.4" 56.04.0.5° O70. 1 
260, Kodak 
CGR 500t Durr-Med 54.4404 $5.9406 1.5407 
260, Kodak 
Siemens Agfa Curix 54.340.7 55.1404 0.8408 
Mammo- 2425, 
mat B Agfa Curix 
Philips Fuji FPM  55.2+0.3 55.6+0.3 0.4404 
Mammo- 2100 
diagnost May & Baker 


“Results from Table IH; others were obtained later with a 
fresh batch of film. 


envelopes. In the present work (Table VI), this 
comparison was repeated and showed an even greater 
advantage to envelopes. The Agfa Detail cassette was 
compared with envelopes using Agfa Detail screens and 
MinR film; not only did envelopes give better image 
quality but also the cassette required a dose greater by 
about 40%. 

Of the plastic cassettes reported here, only the Dupent 
Cronex could match envelopes fully in image quality, 
and it did so at the same dose. All three carbon-fibre- 
fronted cassettes gave similar image quality, at a level 
only slightly below that of envelopes and at very similar 
doses. Where cassettes give poorer image quality than 
envelopes, this may be because more radiation i$ 
scattered by their front surfaces, or because film—screen 
contact 15 poorer. 

The conclusion here seems to be that users with an 
envelope system which is working well have no cause to 
change to cassettes. At the same time, the Dupont 
envelope system is apparently not being kept readily 
available, and repairs and spares may become a problem. 
Some mammography X-ray sets are made with cassette 
holders and these will be used more with the increasing 
use of grids. Envelopes may be difficult to position 
reliably in cassette holders, although two manufacturers 
can supply envelope platforms which fit their cassette 
holders. Cassettes are therefore likely to remain in 
general use, but at present only the Cronex model and 
those with carbon-fibre fronts are acceptable on grounds 
of image quality. There are, of course, many other 
criteria on which to choose a cassette. Ifa higher kV were 
used, this increase in dose would be reduced, but it would 
still be higher than for envelopes. 


Conclusions 
At the time of writing (May, 1988) the Fuji NH film- 
HiMammo screen combination is the only one showing 
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an advantage over MinR-MinR both in image quality 
and in dose. This advantage has been shown with three 
different makes of processing chemicals. Several 
manufacturers, including Fuji, are about to produce 
further products, which means that any conclusion on 
the best available combination has to be provisional. It is 
also important to recognize that at least some 
manufacturers frequently modify their products but do 
not always make this plain to the user, either by changing 
the product name or otherwise. This is one more reason 
why quality assurance is so important. The good results 
with Fuji HiMammo screens were obtained with screens 
supplied loose and not fitted in cassettes. 

The conditions under which this comparison was 
conducted were closely controlled to ensure that all the 
results are indeed comparable, but this does not remove 
the desirability of similar checks by others, although the 
difficulties and time involved should not be 
underestimated. 

These results are presented at this time because the 
promise of new products is never absent and the quantity 
of data is already considerable. For practical reasons the 
X-ray set and processor used to obtain these results is 
unlikely to remain available for such work, and all 
further comparisons will be carried out elsewhere and 
hence will not be directly comparable with these. 
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Case reports 


Unusual long bone changes in thalassaemia: findings on plain radiography and 


computed tomography 
By T. Singcharoen, MD 
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Bone change is one of the most outstanding radiological 
manifestations of marrow hyperplasia in thalassaemia. 
The “hair-on-end” skull, a variety of radiological 
changes of the ribs and osteoporosis with coarse 
trabeculation of other bones have been well described 
(Moseley, 1974; Lawson et al, 1981). We have 
encountered three thalassaemic patients with unusual 
marrow proliferation in the long bones of the 
extremities. 


Case reports 
Case d 

An &-year-old boy had f-thalassaemia major diagnosed in 
riy childhood. Haemoglobin levels ranged from 3 to 7 g/ 
Gmi Splenectomy was performed at 7 years of age. The 
patient still suffers from severe anaemia and frequent episodes 
of congestive heart failure. A plain radiograph of the skull 
showed widening of the diploic space with “hair-on-end” 
appearance, typical of thalassaemia (Pig. la) A chest 
radiograph revealed osteoporosis with coarse trabeculation of 
the bony thorax. Rib widening and soft-tissue masses at the 








(a) 


anterior ends of some ribs were also observed (Fig. Ib). Plain 
radiographs of the extremities demonstrated cortical erosion 
with periosteal reaction in the humeri, tibiae, fibulae, ulnae, 
radii and small bones of the hands (Fig. 2). Computed 
tomography (CT) of the legs confirmed evidence of breaks in the 
cortex, proliferation of hyperplastic marrow outside the bony 
cortex and “hair-on-end” periosteal reaction (Fig. 3). A 
technetium-99m bone marrow scan also showed a marked 
increase in activity of marrow tissue in the extremities. 


Case 2 

A {23-year-old girl had f-thalassaemia haemoglobin E 
diagnosed at the age of 2 years. Haemoglobin levels ranged trom 
3.5 to 8 gf 100 ml. Splenectomy was performed when she was 4 
years old. Plam radiographs of the skull, chest and extremities 
demonstrated thalassaemic bone changes. Computed 
tomography of the thighs and legs revealed cortical breaches of 
the femora. tibiae and fibulae with evidence of marrow 
proliferation outside the cortex (Fig 4) A chest CT scan 
showed extramedullary haemopoiesis in both anterior and 
posterior rib ends. Breakage of bony cortex in the humerus was 
incidentally observed (Fig. 5). 





(b) 


Figure L (aj) Lateral skull radiograph showing the “hair-on-end” appearance. (b) Chest radiograph showing thalassaemic changes in 
the bony thorax with extramedullary haemopoietic masses at the anterior ends of the ribs (arrows). 
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(b) 





(d) 


Figure 2. Plain radiographs of the extremities showing (a) 
cortical erosion and extensive periosteal reaction of the tibiae 
and fibulae, (b) periosteal elevation (arrows) and subperiosteal 
new bone formation of the humerus. (c) almost complete new 
bone formation covering the faint. destroyed original cortex 
(arrowheads) of the ulna. and (d) cortical destruct n and 
penosteal reaction of the metacarpal bones 
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Figure 3. Computed tomographic scans of both legs 


destruction, extramedullary marrow 
feration and periosteal reaction of both tibiae and fibulae 


demonstrat 


coruca 


{ ISi 

An | t-vear old boy was found to have -thalassaemia major 
it the age of 3 vears. Haemoglobin levels ranged from 3.2 to 7 g 
100 mi. Splenectomy was performed when he was 11 years old. 
Plain radiographs of the skull, chest and extremities showed 
typical bone changes of thalassaemia and CT of the legs 
demonstrated early cortical breaks of the fibulae (Fig. 6) 


Discussion 
characterized by anaemia 
with bone changes and 
The main problem is defective 
globin production, leading to ineffective erythropoiesis 
ind anaemia. The bone changes occur as a result of bone 
marrow hyperplasia in response to anaemia 

In the skull, the diploic space is widened and the outer 


Thalassaemia 15 severe 


early in hie 


OCCUITINE 


he pal splenomegaly 





Figure 4. Computed tomographic scans of the thighs and leg 
space in (a) femur and (b) tibia and fibula 


Utsa tr medulla 


s demonstrate cortical destruction and invas 
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table thinned or obliterated. When the hyperplastic 
marrow perforates or destroys the outer table, ıt 
proliferates under the periosteum and new bone spicules 
are laid down perpendicular to the inner table, producing 
the “hair-on-end” skull (Moseley, 1974). A localized 
mass of intracranial extramedullary haemopoiesis with 
connection to the diploic space of the overlying skull has 
also been reported (Fucharoen et al, 1985). 

In the thorax, marrow hyperplasia produces a wide 
spectrum of rib changes, including widening, 
osteoporosis, localized lucency, cortical erosions and 
“rib-within-a-rib” appearance (Lawson et al, 1981) 
Extramedullary haemopoietic masses can occur near 
both the posterior and anterior ends of the ribs; they are 
believed to represent an outgrowth or extrusion of the 
hyperplastic marrow from the medulla through the 
cortical defect, with subperiosteal proliferation (Long et 
al. 1980: Lawson et al, 1981; Papavasiliou et al, 1986) 

In the extremities, the hyperplastic marrow destroys 
the finer bone trabeculae, thins the cortex and widens the 
medullary space. Cortical destruction and irregularity 
has been described only in the short tubular bones of the 
hands and feet (Moseley, 1974). In all of our cases, CT 
clearly demonstrates gross cortical destruction of major 
long bones. In Case 1, this ts so obvious that it is well 
recognized on the plain radiograph but in the other two 
cases. the feature is shown only on the CT scan 

Proliferation of hyperplastic marrow outside the 
medullary cavity is demonstrated by CT in two cases 
This marrow tissue appears to be confined to the area 
around the destroyed cortex, beneath a fat plane, 
suggestive of subperiosteal collection 

Although not a common feature in thalassaemia, 1n 
Case | several different patterns of periosteal reaction 
were observed. In the legs, extensive “hair-on-end™ 
periosteal reaction was noted without a visible thin line 
of periosteum (Fig. 2a) whereas, in the humerus, there 1s 





(b) 


ion of marrow tissue 
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Figure 5. A chest CT scan shows extramedullary haemopoietic 
masses at both the anterior and posterior ends of the ribs. Early 
cortical erosion of the humerus was noted 


a white line of elevated periosteum bounding the 
subperiosteal new bone formation (Fig. 2b). Periosteal 
reaction is also seen around some metacarpal bones in 
the hands (Fig. 2d). In the forearm. the process appears 
to be at a more mature stage with a widened, newly 
formed cortex covering the faint original cortex (Fig. 2c). 

Our findings indicate that. even in the major long 
bones, the hyperplastic marrow can erode the bony 
cortex and proliferate outside the medullary space 
causing periosteal elevation and reaction. similar to 
those observed in the skull and ribs. Widening of long 
bones in thalassaemia may be caused by extramedullary 


marrow proliferation with subperiosteal new bone 
formation as well as intramedullary marrow 
proliferation. 





Figure 6. Computed tomographic scan of the legs show ing early 
cortical erosion of the fibulae 
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Sickle-shaped scapulae in a patient with the Pierre Robin syndrome 
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We report a patient with Pierre Robin syndrome who 
also has scapulae of an unusual appearance and 
speculate that this anomaly may represent yet another 
skeletal change to be associated with this syndrome. We 
reviewed the literature and did not find this association 
described previously 


Case report 
A 5-year-old white girl was transferred to our institution after 
a 2-week hospitalization elsewhere for fever, cough, tachypnoea 
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and wheezing. A chest radiograph on the day of admission to a 
community hospital showed infiltrates in the right middle and 
left lower lobes and the patient was started on antibiotics 

The diagnosis of Pierre Robin syndrome had been made at 
birth and there was a history of poor feeding and weight loss in 
early childhood. Surgical repair of a cleft palate was 
undertaken. She has also had several orthopaedic procedures to 
repair bilateral club foot deformity 

A chest radiograph on the day of transfer to our institution 
showed infiltrates in the right middle and both lower lobes. In 
addition, an unusual sickle-shaped deformity of both scapulae 
was noted (Figs |, 2) 





Figure 1. Chest radiograph showing infiltrates in the right 
middle and both lower lobes and hook-like processes arising 
from the inferior angle of both scapulae (arrows), 


Discussion 

The full-blown clinical picture of the Pierre Robin 
syndrome consists of the classical triad of micrognathia, 
cleft palate and glossoptosis (Randall et al, 1965). 
Hypoplasia of the mandible causes the tongue to drop 
backward against the posterior wall of the pharynx and 
predisposes to airway obstruction and feeding 
difficulties. The concern about these two problems was 
popularized by Pierre Robin himself. He postulated that 
this resulted in failure to gain weight and was the cause 
of death of several of his patients (Randall et al, 1965). 

Although about 40% of children with this syndrome 
are free from skeletal defects, a wide variety of skeletal 
and developmental anomalies has been described ın 
association with the Pierre Robin syndrome. Some of the 
skeletal changes have also been seen in patients who did 
not have all the manifestations of the syndrome but had 
isolated micrognathia or a cleft palate. 

The skeletal abnormalities which have been reported 
in association with the Pierre Robin syndrome include a 
variety of limb anomalies ranging from a simple 
brachydactyly to femoral aplasia and amelia. 
Spondyloepiphyseal dysplasia congenita and diastrophic 
dwarfism have also been reported (Holthusen, 1972; 
Carey et al, 1982). In addition, more complex anomalies 
have been described including an association with 
cerebral maldevelopment and costal deficiency in the 
cerebro-costo-mandibular syndrome in which club foot 
deformity may be present (Silverman et al, 1980) 
Hyperphalangy and clinodactyly of the index finger have 
been linked together in the Catel-Manzke syndrome 


‘Sundaram ct al. 1982). A lethal X-linked syndrome of 


generalized dysostosis has been described (Carey et al, 
1982). Non-skeletal deficiencies can also be present, most 
commonly mental retardation and cardiac anomalies. 
There is a high association between the Pierre Robin 
syndrome and the Suckler syndrome, which includes, 
among other anomalies, cleft palate as well as 
arthropathy (Winter et al, 1983). Further association 
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Figure 2. Close-up view of one scapula 


exists between the Pierre Robin syndrome and the 
Weissenbacher-Zweymuller and Marshall syndromes, 
which originally came under the Pierre Robin sequence 
defect because of the presence of micrognathia in 
addition to skeletal defects such as rhizomelic 
chondrodysplasia (Haller et al, 1975). 

The patient described herein has features of the Pierre 
Robin syndrome with bilateral club foot deformity. In 
addition, there is a peculiar appearance of both scapulae, 
in the form of a hook-like process arising from their 
inferior angles, giving them the shape of a sickle. 

To our knowledge such a scapular deformity has not 
been described previously. Whether this anomaly 1s 
related to the fact that the patient has Pierre Robin 
syndrome or merely represents a coincidental finding 1s 
unknown. However, this deformity is not thought to be 
of major clinical importance. 
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Astrocytoma of the brain in adults is invariably a fatal 
disease. The majority of cases present with inoperable, 
high-grade III or IV tumours. The place of radio- 
therapy in the management of such cases is of limited 
value. However, prolonged remission, and even 
occasional cures, have been reported (Sheline. 1977). 
Recurrence of high-grade astrocytoma long after 
surgery and/or radiotherapy is a rare event in clinical 
practice. Radical surgery has no place in such cases. 
Chemotherapy has also been tried with occasional 


transient success (Levin et al, 1980). Re-irradiation of 


selected cases has been tried in the past with occasional 
short remission in some patients (Dritschillo et al. 
1981). We present the treatment result of a 36-year-old 
woman with recurrent Grade II] astrocytoma, 9 years 
after initial biopsy and radiotherapy, who was given a 
second course of radiotherapy and chemotherapy. 


Case report 

In 1971, a 27-year-old woman presented with a 6-month 
history of episodes of black-outs lasting for up to 10 min at a 
time. Numb feeling on the left side of the lace, arms and legs 
followed. She was occasionally incontinent of urine. She also 
had auditory hallucinations. repetitive speech and excessive 





Figure 1, Computed tomography scan in 1981 shows diffuse 
recurrence of the right temporal lobe with deep infiltration and 
mid-line shift 
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lacrimation from the left eye. A few days earlier, she had had 
three episodes of left hemiparesis lasting for a few seconds 
When examined there were no neurological signs. On isotope 
brain scan and carotid angiogram, a right temporal brain 
tumour was demonstrated. On 20 July 197] partial excision of 
the tumour was carried out and a post-operative course of 
radiotherapy was given. A 250 kV machine (HVI 2.5mm Cu) 
with a four-field technique was used. delivering a tumour dose 
of 4300 cGy in 23 fractions over 34 days. She remained well 
until 9 years later when she developed right temporal 
headaches of increasing severity, associated with dizziness 
Clinically she had left upper motor facial weakness and left 
homonymous hemianopia. The power, tone and sensations 
were normal on the right with Grade 4+ weakness on the left 
side. There was impairment of the Superficial sensations on the 
left and reflexes were brisk on that side also The left plantars 
were equivocal on the right and extensor on the left A 
computed tomography (CT) scan of the brain showed diffuse 
recurrence of the tumour in the right temporal lobe with deep 
infiltration and mid-line shift (Fig. 1). The clinical picture and 
the CT findings suggested chiasma! compression secondary to 
the right to left shift. The clinical picture and the radiological 
findings were consistent with recurrent astrocytoma. At this 
stage further radiotherapy was recommended and the patient 
subsequently received a further 5495 cGy tumour dose in 34 
fractions over 58 days using two wedged fields, an anterior and 
night lateral on a cobalt machine. This was followed by six 
courses of chemotherapy using BCNU (100 mg) on Day | of 





Figure 2. Normal CT scan in 1986 


1989, The British Journal of Radiology, 62, 174-175 


each course, 2 mg vincristine Days | and 8, and procarbazine 
(50 mg) tds for 2 weeks. Courses were repeated every 6 weeks. 
Following the radiotherapy and chemotherapy the patient was 
completely symptom free and clinically there was only mild 
left-sided facial weakness. Figure 2 shows the CT scan 
appearance 5 years later. The patient remains well at the time 
of reporting, 7 years after the second treatment. 


Discussion 

Re-irradiation of recurrent brain tumours 1s very 
rarely used, but with high-grade astrocytoma it is often 
a palliative measure only. with patients living an 
average of 12 months following re-irradiation. 
Dritschilo et al (1981) reported 32 patients with various 
recurrent brain tumours who had undergone a second 
course of irradiation. Median survival for the entire 
group was 36 months from the completion of the 
second course of radiotherapy. Six patients in the group 
with Grade HI and IV astrocytoma all died within 16 
months. Horns and Webber (1967) reported 12 similar 
eases and half of these had significant palliation of 
symptoms but only two patients were alive at 3 years. 


Case reports 


It appears from our case report and those reported in 
the literature that a second course of radiation can be 
given with reasonable chance of palliation and 
occasional prolonged survival. The addition of chemo- 
therapy to radiation seems to be well tolerated, at least 
in the one patient reported here. To our knowledge, this 
is the longest surviving patient to be treated in this way, 
who remains well 7 years after the second treatment. 
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The Gunther vena caval filter has been in clinical use for 
some years. Accounts of findings at post-mortem 
examination in animals are available (Gunther et al, 
1985), but there are no detailed human autopsy reports. 

We describe the findings at post-mortem examination 
of a patient who had a filter inserted 2 months prior to 
her death. 


Case report 

A 63-year-old lady had a history of recurrent deep venous 
thrombosis and pulmonary embolism, despite long-term 
anticoagulation therapy. She also had severe osteoarthritis of 
her hips, worse on the left, and needed a total hip replacement. 
Surgery had been deferred for 3 years because of concern about 
thromboembolism in the post-operative period, but it seemed 
reasonable to protect her with a Gunther vena caval filter and 
then proceed to surgery. A filter was inserted without difficulty 
and the patient discharged to await hip replacement. 

Her anticoagulation therapy had to be withdrawn 6 weeks 
after this. as she developed a small spontaneous subdural 
haematoma. This was not evacuated, but was treated with 
dexamethasone and she recovered. However, 2 months after the 
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filter was implanted the patient was admitted in severe 
respiratory distress. Because pulmonary embolism was possible, 
pulmonary angiography using digital subtraction techniques 
was performed. This showed no evidence of pulmonary emboli 
and it became clear that the patient had severe 
bronchopneumonia. She died a day after admission. 


Pathology 

Post-mortem examination revealed the following features. 

(1) The filter was in position and firmly adherent to the wall 
of the inferior vena cava. There was no displacement and no 
gaps between filter and caval wall for emboli to pass through, 

(2) Emboli were seen emerging from the common iliac veins 
extending up the inferior vena cava to the level of the filter. The 
clots were enmeshed within the filter, but there was no evidence 
of emboli proximal to the filter (Fig. !). 

(3) The caval wall was intact, with no evidence of perforation 
by the filter. However, there was complete destruction of the 
endothelial lining of the intima at the site of attachment of the 
anchoring limbs of the filter (Fig. 2). 

(4) The pulmonary arteries appeared normal and extensive 
dissection of the pulmonary vessels demonstrated no emboli. 
There was severe pneumonia. 

(5) There were no collaterals visible around the common iliac 
vein, 
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Figure 1. Photograph showing the two common iliac veins as 
they unite to form the inferior vena cava. In the lower portion of 
the vena cava is the basket filter with entrapped thrombi 
straddling the bifurcation and completely occluding the 
common iliac veins. 


Discussion 

John Hunter tried to prevent pulmonary embolism by 
ligating the femoral vein in 1784. This was followed by 
caval ligation (Ochsner & DeBakey, 1943) and later by 
caval plication (De Weese & Hunter, 1958). 

However, these procedures involved laparotomy and a 
search for less aggressive forms of treatment led to 
consideration of intravenous filters. The first permanent 
filter was devised by Mobin-Uddin et al (1969) and was 
followed by various devices, of which the Kimray- 
Greenfield filter is perhaps the most widely used 
(McCollum, 1987). 

More recently, the Gunther caval filter has been used 
which has the advantages of easy insertion (Gunther et 
al, 1987), even by those with no previous experience of 
this type of filter (Mahendran et al, 1987). Jn vitro and 
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Figure 2. Photograph of a high-power view of the inferior vena 
caval wall shows complete destruction of the endothelial lining 
of the vein to which the thrombi are attached, and 
fragmentation of the elastic lamina in the wall of the vein. The 
adventitia remains intact. Th= thrombus; En = endothelium: 
Ad = adventitia. 


animal studies have shown it to be an effective filter 
(Gunther et al, 1985), but there are no detailed human 
autopsy reports. 

Our report highlights two important observations. 
First, it confirms the efficacy of the filter in clinical 
practice. Two months after implantation the filter was 
well positioned with no displacement, there were no gaps 
between the filter and the caval wall, and, although a 
major venous thrombus had formed and detached, all 
the thrombus was trapped in the filter with no 
angiographic or autopsy evidence of pulmonary 
embolism. Secondly, it shows that there was no serious 
damage to the vena caval wall. The anchoring legs were 
firmly adherent to the vessel wall and although there was 
marked intimal damage, there was no perforation or 
damage to the wall of the cava external to the intima. 

This detailed autopsy analysis increases our 
confidence in this device. 
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The appearances on computed tomography (CT) (Shin 
et al, 1988) and magnetic resonance imaging (MRI) 
fRindsberg et al, 1987) in single cases of tracheo- 
hronchomegaly (TBM) have been described. These 
reports emphasize the tracheal and proximal bronchial 
dilatation with diverticulosis of the main bronchi. In a 
recent case examined by us, these features were also 
present but even more striking was extreme thinning and 
deformation of the tracheal wall and indentation 
anteriorly by the brachiocephalic artery. This finding 
reflects the tracheomalacia found in this condition. As in 
previously reported cases, TBM was first detected in this 
patient on CT after numerous negative chesi 
radiographs. 







“ase report 
A 27-year-old black man was seen for recurrent pneumonia, 
ii had five radiographically documented episodes over the 
past 4 years, all of which had been treated with antibiotics with 
He had a 0-year history of cigarette 


prompt resoiution. 
king (one and a half packets per day). Chest radiographs 
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ium formation on the right (arrow). (b) The greatl 


Computed tomography revealed marked — tracheo- 
bronchomegaly. The trachea measured 3.7 cm in transverse 
diameter at a point 2cm above the aortic arch and 2.4 em m 
antero-posterior (AP) diameter. The proximal right and left 
main bronchi measured 3cm and 2.3em, respectively. 
Diverticulum formation was seen in the right main bronchus 
(Fig. la). The lobar bronchi were also slightly dilated, but the 
lung periphery showed no evidence of bronchiectasis. There was 
striking thinning of the tracheal wall with deformation and 
indentation by the brachiocephalic artery anterolaterally 
(Fig, ibh 


Discussion 

Tracheobronchomegaly is best examined by cross- 
sectional imaging. The proximal airway dilatation and 
diverticulum formation described previously on plain 
radiographs and bronchography (Katz et al, 1962; 
Johnston & Green, 1965; Al-Mallah & Quantock, 1968: 
Himalstein & Gallagher, 1973; Bateson & Woo-Ming, 
1973) can be demonstrated on CT and MRI (Rindsberg 
et al. 1987: Dunne & Reiner, 1988; Shin et al, 1988). 
Tracheomalacia as seen in this case correlates well with 





(b) 


Figure L (a) Contrast-enhanced CT scan of the chest just below the carina demonstrating the dilated right and left main bronchi 


y dilated trachea is seen just below the thoracic inlet with marked 
rhe wall (arrowhead) and considerable deformity caused by indentation of its anterior wall by the brachiocephalic artery 
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the pathological data showing atrophy of the elastic and 
muscular tissue of the trachea and bronchi (Katz et al, 
1962; Al-Mallah & Quantock, 1968; Gay & Dee, 1984). 

Fundamental to the diagnosis of TBM is 
demonstration of a tracheal or central bronchial 
diameter exceeding that of the mean plus three standard 
deviations (Katz et al, 1962; Breatnach et al, 1984). This 
figure for the average of transverse and AP diameters of 
the trachea on CT is 2.18cm (Vock et al, 1984). The 
average tracheal diameter in our case was 3.1 cm, easily 
meeting this criterion. No reliable figures are available 
for normal bronchial diameters on CT. Figures for right 
and left mainstem bronchi (mean+3SD)_ from 
bronchography are 2.40 and 2.30 cm, respectively (Katz 
et al, 1962). Other features of the syndrome are the 
abrupt transition from dilated to normal-size bronchi 
peripherally, the diverticulum formation in the bronchial 
walls and thinning and weakness of the tracheal wall 
pathologically reflected on bronchography by extreme 
deformability of the trachea (Katz et al, 1962: Al-Mallah 
& Quantock, 1968). 

The aetiology and true incidence of TBM remain 
unknown and the natural history poorly understood. 
There is often a history of cigarette smoking (Katz et al. 
1962; Dunne & Reiner, 1988; Shin et al, 1988) but this is 
by no means invariable and it seems likely that smoking 
and other irritants exacerbate the condition rather than 
cause it. There is an almost invariable history of chronic 
infection (Johnston & Green, 1965) but this could just as 
easily be the result as the cause of the widened airways, 
which clear secretions inefficiently (Al-Mallah & 
Quantock, 1968). A number of authors note the existence 
of TBM without clinical or pathological evidence of 
inflammation and point out that while chronic 
inflammatory lung disease is common, TBM is rare 
(Katz et al, 1962; Johnston & Green, 1965: Al-Mallah & 
Quantock, 1968: Himalstein & Gallagher, 1973). This 
further militates against TBM being an acquired 
disorder. 

The consensus seems to be that there is a congenital 
anomaly, with or without overlying inflammatory 
changes (Katz et al, 1962; Johnston & Green, 1965; Al- 
Mallah & Quantock, 1968; Himalstein & Gallagher, 
1973). Bateson and Woo-Ming (1973) argued against a 
congenital aetiology on the grounds that TBM tends to 
present in the third decade or later; however, so do other 
congenital lesions such as polycystic kidney and 
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Huntington’s chorea. Johnston and Green (1965) 
suggested an autosomal recessive pattern of inheritance, 
but family studies have been limited. An association with 
Ehlers-Danlos syndrome has been reported (Aaby & 
Blake, 1966; Wanderer et al, 1969). Use of CT in patients 
with unexplained recurrent pulmonary infection to 
search for anatomical abnormalities should lead to 
detection of more cases and a better understanding of 
TBM. 
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Lipoma arborescens of the knee 


Case reports 
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Lipoma arborescens is a rare intra-articular lesion, 
consisting of collections of fat beneath the synovial lining 
producing clusters of swollen villous projections. It 
macroscopically resembles pigmented villonodular 
synovitis, but is macroscopically and histologically 
different from a synovial lipoma. Histologically, lipoma 
arborescens is indistinguishable from other collections 
of subsynovial fat, the only differences being its large 
size and frond-like macroscopic appearance. The 
alternative name of “villous lipomatous proliferation of 
the synovial membrane™ has been suggested (Hallel et 
al, 1988) 


Case report 

A 52-year-old man was seen in outpatients as a newly 
diagnosed diabetic. On examination he was found to have a 
swollen right knee joint (Fig. 1). The patient confirmed that his 
knee had been swollen for several years and he related this to an 
old twisting injury. He had declined investigation of the swelling 
in the past. The clinician diagnosed an effusion of the knee joint. 
Joint fluid was aspirated and sent for laboratory analysis. A 
radiograph of the knee and a rheumatological opinion were 
requested 

The radiograph of the knee (Fig. 2) showed a well defined 
soft-tissue mass in the region of the suprapatellar pouch. 
Degenerative changes in the patello-femoral joint were also 
noted. The joint aspirate revealed occasional lipid globules and 
white cells containing lipid globules. No crystals or organisms 
were found 





Figure 1. Clinical photograph of the patient's knees showing the 
degree of enlargement of the right knee. 
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A single-contrast arthrogram of the right knee (Fig. 3) 
demonstrated a frond-like mass of lipid density within the 
suprapatellar pouch. There was also a substantial popliteal 
cyst. 

A computed tomographic (CT) scan (Fig. 4) confirmed a 
large joint effusion and the presence of lipoma arborescens in 
the suprapatellar pouch. The popliteal cyst was also 
demonstrated, 


Discussion 

Twelve cases of true lipoma arborescens have been 
described in the literature. The age range of these cases 
varied from 9 to 66 years, and 10 were male and two 
female. The joints involved included the knee joint in six 
cases unilaterally (Weitzman, 1965; Coventry et al, 1966; 
Hermann & Hockberg, 1980; Hallel et al, 1988) and 





Figure 2. Lateral radiograph of right knee joint demonstrating a 
lobulated mass of low density in the suprapatellar pouch. 
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Figure 3. Single-contrast arthrogram of right knee showing 
contrast medium outlining the frond-like low-density lesion. 


three bilaterally (Arzimanoglu, 1957; Hallel et al, 1988), 
the wrists bilaterally in one case (Napolitano, 1957), the 
hip unilaterally in another (Noel et al. 1987) and 
multiple joints in the final case (Gaede, 1961). 

Lipoma arborescens is of unknown aetiology. Most 
appear to arise de novo, although there are associations 
with degenerative joint disease, chronic rheumatoid 
arthritis and trauma. It is generally regarded as benign 
and no malignant lesions have been reported. 

The typical clinical presentation is of painless joint 
swelling over many years, accompanied by intermittent 
effusion. The knee joint is most commonly involved, with 
a predilection for the suprapatellar pouch. Laboratory 
tests, including erythrocyte sedimentation rate and 
serological tests for rheumatoid factor and serum uric 
acid, are normal. The joint aspirate does not show 
crystals or cells and culture is sterile. The recommended 
treatment is synovectomy. 

One case showed recurrence 


following resection 
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Figure 4. Computed tomographic scan of the right knee 
confirming the fatty nature of the mass and demonstrating its 
synovial origin. A joint effusion is also present. 


(Coventry et al, 1966). There was usually restriction ol 


joint movement. At the time of diagnosis one case was 


suggested to be tuberculous infection, and in two cases 
(including that of multiple joint involvement) a 
generalized systemic chronic synovitis was postulated. 

Other lipomatous lesions within the knee joint have 
been described and given the name of lipoma 
arborescens, but these lack the characteristic 
macroscopic appearance and are likely to represent 
organized collections of synovial fat in association with 
meniscal injury or other trauma (Placeo & Tassi. 1953) 
These fatty collections are not related to true lipoma 
arborescens. 

Computed tomography was not necessary to make 
the diagnosis in the present case as this had been made 
by plain radiography, but CT was of value in 
confirming the synovial site of origin of the lesion and in 
demonstrating its extent. The characteristic frond-like 
appearance was readily appreciated on CT. Another 
value of CT is in differentiating lipoma arborescens from 
pigmented villonodular synovitis. The former is of low 
attenuation value because of its fat content and would 
not be expected to enhance following intravenous 
injection of contrast medium. The latter is usually of 
high attenuation value because of its iron content. does 
not contain fat and enhances following injection of 
contrast medium. The differential diagnosis also includes 
synovial chondromatosis and synovial haeman- 
giomatosis, both of which can cause painless effusion 
and synovial thickening without systemic involvement 
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The suggested treatment of lipoma arborescens IS 
synovectomy. This is successful in preventing the 
recurrence of effusions. Only one of the reported lesions 
(Coventry et al, 1966) recurred following synovectomy 
during a period of follow-up ranging from | to 11 years. 
This was successfully treated by repeat 
synovectom) 


Case 
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A case of cystic haemangioma of the spleen is reported. 
Although haemangioma is the commonest benign 
tumour of the spleen, the majority are of the small 
capillary type found incidentally at autopsy. 
Symptomatic cystic haemangioma Is rare. Even less 
common is the diagnosis considered pre-operatively. 
This has been facilitated in recent years by non-invasive 
imaging modalities. 

The appearances on computed tomography (CT) and 
ultrasound and the duplex ultrasound properties are 
described and correlated with the pathological findings. 
The use of duplex ultrasound has not previously been 
reported for this tumour. 


Case report 

A 27-year-old caucasian woman presented complaining of left 
hypochondrial pain on sexual intercourse She also complained 
of gastric fullness and vomiting. She had had two normal 
deliveries, the most recent being 13 months previously. She was 
found clinically to have moderate splenomegaly. 

Full blood count, biochemical profile and a chest radiograph 
were all normal. An ultrasound scan (Siemens Sonoline SL-2) 
showed an enlarged spleen contaming many cystic spaces, the 
majority of which were anechoic (Fig. 1). Others were of mixed 
echogenicity or homogeneously echogenic (Fig. 2). Duplex 
Doppler ultrasound examination of the spleen was subsequently 
performed (Hewlett-Packard 77020) which showed a strong 
Doppler signal from the remaining splenic parenchyma but no 
detectable flow was recorded from any of the cystic spaces. 

Computed tomography showed an enlarged spleen displacing 








Correspondence address: Dr M. J. Duddy, Department of 
Radiology. Queen Elizabeth Hospital, Edgbaston, Birmingham. 


180 


the stomach and containing multiple, well defined, rounded, 
low-attenuation lesions (Fig. 3). A pre-operative diagnosis was 
made of cystic haemangioma or lymphangioma. 

At splenectomy, a 1200 g, firm, irregular spleen was removed 
measuring 18 cm x 12cm x 8cm. The splenic parenchyma was 
almost completely replaced by multiple cysts (Fig. 4); these were 
thin-walled and measured up to 4cm in diameter. Most 
contained a yellow, serous fluid and correlated with the 





Figure 1. Longitudinal ultrasound scan of the spleen showing 
anechoic cysts (solid arrow) and lesions of mixed echogenicity 
(open arrow). 
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Figure 2. Longitudinal ultrasound scan of the spleen showing a 
homogeneously echogenic cavity (arrowheads) 


anechoic lesions seen on ultrasound. Some cysts were loculated 
by fibrous septa, represented on ultrasound by lesions of mixed 
echogenicity. The homogeneously echogenic lesions seen 
represented cavities containing gelatinous material. There 
appeared to be no communication between these discrete cysts. 
Histology showed numerous cystic spaces lined by a flattened 
vascular endothelium. Many contained abundant 
erythrocytes whilst others contained an eosinophilic 
proteinaceous material. The appearances were those of cystic 
haemangioma (Fig. 5). 


cysts 


Discussion 

The spleen is the least common abdominal organ to 
develop cystic disease. The following causes should be 
considered. 





Figure 3. Computed tomographic scan of the upper abdomen 
showing an enlarged spleen containing rounded, well defined. 
low-attenuation defects (arrowheads), 
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Figure 4. Cut surface of the spleen showing replacement of the 
parenchyma by cysts 


I. Hydatid. 

Primary cysts: (a) endothelial lined (haemangioma, 
lymphangioma) or (b) epithelial lined (dermoid. 
epidermoid, transitional cell). 

3. Post-traumatic. 


The appearances on CT and ultrasound of the 
endothelial lined cysts have been previously reported. 
Computed tomography of cystic haemangioma (Moss et 
al, 1986) and cystic lymphangioma (Clark et al, 1983) 


tJ 


may be indistinguishable. Dynamic CT has been 
reported of a splenic cavernous haemangioma 
(Paivansalo & Siniluoto, 1985). The pattern of 


enhancement was similar to that described for hepatic 
cavernous haemangioma (Johnson et al, 1981). 
However, their tumour was not cystic on ultrasound and 
cystic haemangiomas are often avascular (Husni. 1961) 

Manor et al (1984) described three types of lesion on 


ultrasound of a splenic cystic haemangioma: (a) 





`s 


Photomicrograph (haematoxylin and eosin x22) 


Figure 5. 
showing endothelial lined cysts. Some contain erythrocvtes 
(solid arrow) and others contain an eosinophilic proteinaceous 
substance (open arrow). 


I8] 


sonolucent, representing serous, fluid-filled cysts, (b) 
echodense, representing capillary haemangiomas and (c) 
mixed, representing  clot-filled cavities. Similar 
ultrasound appearances have been ascribed to cystic 
lymphangioma (Clark et al, 1983). Both cystic 
haemangioma (Manor et al, 1984) and cystic 
lymphangioma (Pearl & Nassar, 1979) often have 
cavities containing serous fluid and others containing 
gelatinous material. Lymphangiomas are said to develop 
in the subcapsular region of the spleen (Pearl & Nassar, 
1979). However, its site of origin may be obscure when 
large and replacing much of the splenic substance. 

The pathological distinction can also be difficult. 
Willis (1962) described cystic changes in splenic 
cavernous haemangioma thus emphasizing the similarity 
with cystic lymphangioma. Moreover, the two lesions 
may occur simultaneously (Stanley, 1966). In this case 
the finding of abundant erythrocytes in many of the cysts 
(Rappaport, 1966) and the lack of communication 
between the cysts (Kings, 1975) would strongly indicate 
that this is a haemangioma. 

Although a benign tumour, the splenic haemangioma 
is associated with life-threatening complications. Husni 
(1961) reviewed the 56 cases reported up to that date and 
found that 25% had presented with an abdominal 
catastrophe due to spontaneous splenic rupture. 
Sarcomatous transformation has also been reported 
(Husni, 1961) but the incidence of this is not Known. 
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Case of the month 


The jockey with a mass in the thigh 
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Department of Radiology, Royal Orthopaedic Hospital, Birmingham 


(Received February 1988) 


A 40-year-old professional jockey presented with a 2- 
week history of severe pain in the right knee region which 
commenced whilst riding. Examination revealed a firm 
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mass, 10 cm x 5cm, within the soft tissues of the medial 
aspect of the right distal thigh. All laboratory in- 
vestigations were normal. The radiological investigations 
of the right femur included plain radiography (Fig. 1) 
and computed tomography (CT) (Fig. 2). A bone scan 
revealed a solitary, non-homogeneous area of increased 
uptake in the right distal femur. 
What is your diagnosis? 





(a) 





(b) 


Figure 2 


Figure 1. (a) Antero-posterior and (b) 
lateral radiographs of the right distal 
femur 


Figure 2. Two representative slices from 
the axial CT of the distal femora. The 
approximate levels of (a) and (b) are 
indicated by the arrows on | ig. la 


[he plain radiographs (Fig. 1) show an extensive 
abnormality of the distal femoral meta-diaphysis 
Supenorly there 1s a lytic, permeative lesion breaching 
rhe 


mass, 


the medial cortex with minimal periosteal reaction 
with a soft-tissue 
which also shows soft tissue within the 


cortical defect ıs associated 
confirmed by Cl 
medullary canal (Fig. 2a) 

The radiological features are those of a malignant 
lesion and the differential diagnosis includes malignant 
ndorous histiocytoma, fibrosarcoma lytic osteosarcoma, 
cell sarcoma (primary malignant lymphoma) 


Inferiorly 


reuiculum 
metastasis 
medullary calcification with a serpiginous margin typical 
medullary infarct. This latter 
bservation effectively reduces the differential diagnosis 
one single probable entity and that ts a 
malignant fibrous histiocytoma (MFH) arising in a bone 
infarct. This is a rare, but well recognized, complication 
medullary infarction this 
ubsequently confirmed histologically by biopsy 
Another that might be 
malignant degeneration in a benign cartilage tumour but 
calcification would be expected to be 
punctate rather than peripheral and 
curvilinear as seen in a typical infarct. The presence ol 
ıl lesions is also more in favour of infarction 
than chondroid tumours and the observant reader will 
have noted that on the CT scan the intramedullary 
alcification is also present on the left (Fig. 2). A plain 
radiograph of the left femur confirms that the infarcts are 


fa long-standing 


down tO 


of chronic and was 


diagnosis considered 15S 
the medullary 


central and 


symmetrn 


bilateral and symmetrical (Fig. 3) 
Malignant fibrous histiocytoma, although a relatively 
common sarcoma of soft tissues, represents only about 
of all primary malignant bone tumours (Boland & 
Huvos, 1986). Radiologically this highly 
tumour is indistinguishable from a fibrosarcoma and 
differentiation between the two relies on histological 
Approximately 20-25% of MFHs have 
been shown to arise in pre-existing bone abnormalities 
1984). These include bone infarction, 
irradiated bone, Paget's disease. enchondroma, fibrous 
| adjacent to prosthetic joint 
1974; Heselson et al, 1983; 
1984; Tait et al, 1988). Those patients 
with an MFH arising in a pre-existing bone abnormality 
tend to be older, aged over 40 years and have a poorer 


aggressive 


examination 
(€ apanna ct al, 
ysplasia and  tssue 


repiacements (Murra cl al 


Capanna et al 


prognosis than those with an MFH arising in previously 
normal bone 

The majority of malignant tumours arising in bone 
MFHs although other tumours such as 
have been described 
Fhis rare association is not thought 


niarcts ire 


' 
fibrosarcoma and osteosarcoma 


(Mirra et al, 1974) 
to be a coincidental occurrence but to be a true causal 
The generally accepted hypothesis is that 
the MFH arises from primitive mesenchymal cells in the 
chronic reparative tissue around the periphery of an area 
of bone infarction (Heselson et al, 1983). There is a long 
latent period before such malignant translormation may 


relationship 


OCCUI 


Three former caisson workers who presented with 


this complication had all left their employment 


however. the lesion consists of 
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Figure 3. Lateral radiograph of the left distal femur showing a 
typical medullary infarct 


approximately 20 years before (Mirra et al, 1974) 

The aetiology of the bone infarction in the present case 
is unknown. Chest CT showed no evidence of metastases 
and treatment chemotherapy and 
endoprosthetic replacement of the distal femur 
Currently, the patient remains disease free although the 
quoted 5-year survival for a patient with an MFH arising 
in a pre-existing bone abnormality is less than 25% 
(Capanna et al, 1984) 


consisted ol 
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Short communications 


Radiation dose to urological surgeons during X-ray fluoroscopy for percutaneous 


stone extraction 
By J. Law, *J. A. Inglis and *D. A. Tolley 


Department of Medical Physics and Medical Engineering, Western General Hospital, Edinburgh and 


*Department of Urology, Royal Infirmary, Edinburgh 


į Received June 1988 and in revised form August 1988) 


Radiation protection of staff using X rays in UK hospitals is 
generally acknowledged to be satisfactory. This is supported 
by the fact that relatively few need to be Classified Workers 
under the Jonizing Radiations Regulations (HMSO, 1985). This 
view is based on routine measures to protect the main body of 
the worker, e.g. with a lead apron, and the results of routine 
dose monitoring, generally with monitors underneath such 
aprons. 

There remains the problem of dose to unshielded parts of 
the body from procedures such as fluoroscopy where 
protection depends mainly on lead aprons, and where some 
staff are very close to unshielded X-ray beams. Doses to heads 
and arms of radiologists were reported earlier (Law, 1985). 
This paper reports doses received by one surgeon conducting 
percutaneous nephrolithotomy using an overcouch system. 
This procedure requires the surgeon’s fingers, head and neck to 
be very close to the X-ray beam, and monitors were therefore 
worn on two fingers of each hand, as well as over the thyroid. 
Satisfactory sterile conditions were maintained. 

Under the /onizing Radiations Regulations (HMSO, 1985) 
there is renewed emphasis on monitoring dose to staff, and 
under the 1988 Regulations (HMSO, 1988) on protection of 
the patient there is a requirement for adequate training of all 
staff using X-ray equipment, not only radiologists and 
radiographers. It seems desirable to avoid, if possible, the need 
for finger monitors on all staff using fluoroscopy at all times, 
though continuous monitoring of that kind is undoubtedly 
necessary if or where finger doses are significant, eg. 
approaching three-tenths of the dose limit. The present work 
reports doses measured directly during a high-dose procedure, 
which included the use of an overcouch tube. Doses with such 
a system are well known to be higher than with undercouch 
tubes (International Commission on Radiological Protection 
(ICRP), 1985). Those implications which are mainly of 
concern to urologists are discussed more fully elsewhere (Inglis 
et al, 1989). 


Urological procedures 

This study concerned the procedures of percutaneous 
nephrolithotomy whereby endoscopic access to the collecting 
system of the kidney in an anaesthetized patient was obtained 
in order that renal calculi could either be removed intact or 
fragmented prior to removal in a single-stage operation. At the 
time of preliminary cystoscopy, a ureteric catheter was passed 
retrogradely in order that the renal collecting system could be 
subsequently opacified by injection of contrast medium into 
the catheter. 

With the anaesthetized patient turned prone, fluoroscopy, by 
means of an overcouch X-ray source, allowed screening of the 
opacified system so that percutaneous access could be achieved 
by direct needle puncture of the renal collecting system. A 
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flexible guide wire was passed by the same route and 
manipulated via the renal collecting system into the ureter 
under screening. Graduated dilators were then passed along 
the guide wire under fluoroscopic control so enlarging the 
tract, ultimately allowing the passage of a hollow Amplatz 
sheath into the kidney. The irrigating nephroscope was then 
passed directly into the kidney within this sheath so that the 
stone could be visualized and removed piecemeal or intact. 
During the procedure a maximally coned view was used at all 
times. As the screening pedal was controlled by the surgeon's 
foot, it was possible to ensure that the surgeon's hands were 
outside the direct beam prior to screening. 


X-ray equipment and dose-monitoring procedures 

The X-ray equipment consisted of a Siemens Polyphos 
generator and a Uroskop B table. Operating factors were 
generally 75-80 kV and about 1.5 mA. 

Finger monitors in the form of thermoluminesceni chips 
encased in plastic finger bands were obtained from the 
Regional Radiation Physics and Protection Service, Queen 
Elizabeth Medical Centre, Birmingham. These were renewed 
every 4 weeks and returned to Birmingham for assessment. 
This service is an Approved Dosimetry Service under the 
lonizing Radiations Regulations. Monitors were worn on the 
dorsum of two fingers of each of the surgeon’s hands, for aight 
periods of 4 weeks. In one period the monitors were mislaid, 
and in another only four procedures were carried out and the 
doses on two fingers were reported as less than 0.2 mSv. 
Results for the remaining six periods are given in Table I For 
the last four dose-monitoring periods an ‘additional monitor 
was worn over the thyroid. 


Sterility procedures 

When dose monitoring of surgeons’ hands is recommended, 
objections are sometimes raised by the surgeons that adequate 
sterile conditions cannot be maintained during use or that the 
integrity of the monitors would not survive the necessary 
sterilizing procedures throughout the normal 4-week period. 
During this study the individually numbered monitors were 
simply placed in Cidex solution for 10 min prior to use, then 
rinsed and dried. They were then secured over the dorsum of 
the middle phalanges of the index and ring fingers of both 
hands of the surgeon using sterile adhesive “Band Aid”™-type 
dressings before the donning of surgical gloves. No problems 
were encountered regarding sterility using the above practice. 
As the monitors were small and pliable the manual dexterity of 
the surgeon was not in any way impaired. The monitors were 
changed at 4-week intervals and the results matched with 
carefully recorded details of screening time and patient data 
for the relevant period. As the monitors were individually 
numbered it was possible to apply the same monitor to the 
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Table I. Numbers of cases, total screening time and doses recorded on fingers of a single surgeon in each of six monthly periods 
<eauatycsnActeunemansenieaesnmensnsntnisscunisisieninaunsineseimaenmemtinistittht inne aa A CONC CLL COC AAALAC 


Month 





No, of Screening Finger dose recorded (mSv) 
procedures time Reece myer E ee eset Tees oe PAE EE eee a 
(min) L. middle L. index R. middle R. index 

i i2 38.6 l 2.3 0.7 10 
2 9 37.6 l kS 1.0 17 
3 10 42.4 2 3.4 0.9 1.4 
4 9 57.7 3 6.3 1.6 3.3 
5 7 27.2 | 2.7 0.6 1.2 
6 8 38.3 I 2.6 0.7 L8 
Mean dose per procedure (mSv) 0.23 0,34 0.10 0.19 
Mean dose per minute (mSv) 0.05 0.08 0.02 0.04 
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relevant finger on each occasion and therefore to assess the 
camulative dose to each finger over the 4-week period. 


Resuits 

The results with the overcouch system are summarized in 
Table 1. They demonstrate that for this surgeon performing 
such a high-dose procedure the dose received was well within 
the dose limit for extremities and comfortably below the three- 
tenths of that limit which would require him to be Classified 
under the Jonizine Radiations Regulations. Since the dose-rate 
within the primary beam on the patient entrance side is likely 
io be of the order of 10 mSv min`’, these low-dose results 
indicate that the surgeon's fingers were virtually never in the 
primary beam. (The monitors were worn near the finger tips.) 
Radiation dose limits do not, therefore, constitute any effective 
limit on the number of these procedures the surgeon can 
perform in a year. However, if a surgeon’s fingers were to enter 
the primary beam for even half of the average screening time 
of 4.4 min which was required for these procedures, then a 
limit of around 25 procedures per year would be set, or seven 
procedures if classification were to be avoided. 

The beam-on time for each case was recorded and hence the 
total beam-on time was calculated in each 4-week period for 
which the monitors were worn. Recorded doses from each set 
of monitors reflected the variation of beam-on time from one 
period to another. Results from individual monitors also 
showed a consistent variation between one finger and another, 
the index finger of the left hand receiving the highest dose. This 
is consistent with a right-handed surgeon using his left hand to 
steady instruments during screening and has been reported 
previously (Lowe, 1986). 

The thyroid doses recorded were 0.3 mSv in one period 
during which seven procedures were performed, and less than 
0.2 mSv in each of three other periods in which a total of 19 
procedures were performed. These doses are, like the finger 
doses, quite low in relation to the dose limit of 150 mSv per 
year for eyes. These results show that this surgeon would reach 
the dose limit for hands before reaching that for eyes. Since 
any hazard to thyroid and eyes arises from scatter from an 
extended source, we assume that doses to each will be very 
similar. 


Discussion 

The results provide perhaps false reassurance that finger and 
head doses can, with reasonable care, be kept satisfactorily low 
without any need to modify surgical procedures. Our measured 
radiation doses are gratifyingly low simply because screening 
times are minimal. Other published series show that average 
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screening times for this procedure of 20-30 min are the norm 
(Bush, 1984; Rao, 1987). Such a time would entail a six-fold 
increase in radiation exposure using this overcouch system 
with serious implications regarding safety and/or permissible 
number of procedures performed. The results also demonstrate 
that the surgeon’s hands do not need to enter the primary 
beam. If this were not so, dose limits for | year would be 
exceeded within very few cases. The crucial importance of all 
operators keeping their fingers out of the primary beam cannot 
be overemphasized. 

Urological surgeons seem, on the whole, to appreciate the 
disadvantage of overcouch screening very well, and this needs 
to be taken into account by radiologists and others concerned 
in X-ray equipment procurement. The ICRP have advised 
against overcouch fluoroscopy quite strongly, and it appears to 
be contrary to the ALARA (as low as reasonably acheivable) 
principle. If the user’s fingers do enter the primary beam, the 
resulting dose is much higher with overcouch than with 
undercouch tubes, quite apart from the greater scatter outside 
the beam involved with overcouch systems. 

Problems which might have been expected regarding sterility 
or manual dexterity while wearing the monitors have not 
arisen in practice. 

Surgeons, radiologists and any others conducting fluoro- 
scopy with their hands close to the beam should be involved in 
monitoring programmes to confirm that actual doses are 
satisfactory. Such programmes might be for a few months only 
to establish a satisfactory record and might concentrate on a 
minority of staff with a greater workload than their colleagues. 
Constant monitoring of all users is not necessarily justified, but 
repeat monitoring as procedures, equipment and staff change 
is desirable. 
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Intraoperative radioactive localization of an osteoid osteoma: a useful variation in 


technique 


By *B. D. Todd, FRCS, L. W. Godfrey, FRCS and R. N. Bodley, FRCR 


Stoke Mandeville Hospital, Aylesbury 
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Only complete excision of the nidus of an osteoid osteoma can 
guarantee cure. Localization of the nidus by using a gamma 
camera in theatre (Rinsky et al, 1980) is cumbersome and 
inaccurate in delineating how much bone should be excised 
The use of a sterilizable, portable scaler-ratemeter (Colton & 
Hardy, 1983) provides good results, but the equipment is 
expensive to buy and maintain. The use of a scintillation well 
counter outside theatre to measure counts from bone punch 
biopsy specimens in and around the suspect area has also been 
reported (O’Brien et al, 1984). However, up to 24 specimens 
were required und operative time must have been substantially 
prolonged. 

When a patient presented to our hospital with a probable 
osteoid osteoma we devised a variation on the above 
techniques which is reasonably speedy and only requires the 
type of gamma camera found in most nuclear medicine 
departments. 


Patient and methods 


A 25-year-old man was referred to the orthopaedic 


department with a 4-year history of pain in the dorsal aspect of 


his wrist extending into his hand. The pain was eased by a 
non-steroidal, anti-inflammatory medication but still often 
woke him at night. He had previously been treated at another 
hospital. Radiographs of his wrist had been normal but a 
technetium bone scan had demonstrated an area of high 
uptake in the right capitate. Exploration had been carried out 
and a small quantity of bone with a sclerotic appearance had 
been removed, However, the bone was histologically normal 
and the patient's symptoms were unchanged post-operatively. 

In our outpatient department more than 2 years after this 
operation, his wrist appeared normal to inspection apart from 
the surgical scar. He was tender dorsally in the area of the 
capitate. A radiograph (Fig. 1) showed no abnormality. 

A bone scan was performed using 500 MBq of technetium- 
99m hydroxymethylene diphosphonate. A General Electric 400 
gamma camera with a general-purpose, medium-resolution, 
parallel-hole collimator was used. Three hours after the 
Intravenous injection, the palmar view of the right hand 
(Fig. 2) showed a solitary focus of increased activity in the 
capitate consistent with diagnosis of osteoid osteoma 


*Address for correspondence: Department of Orthopaedics, St 
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lt was decided to proceed with a second exploration. Two 
hours pre-operatively, the same dose of technetium 99m was 
given. En route to theatre, further views of the hand were 


taken and a lateral scan (Fig. 3) demonstrated the lesion 
toward the dorsum of the capitate. 
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Figure 2. Bone scan (anterior) showing a solitary focus ol 
ised activity in the right capitate, consistent with the Figure 4. Scan appearance of the second collection of 
osteoid osteoma fragments. High activity is present in four of the six bone 
fragments on the agar plate 


\ preparation of the hand, the capitate was localized 
ically and the dorsal skin incision was sited The petri dish with its embedded fragments was then 
epropriately. The capitate was exposed and appeared transported to the Nuclear Medicine department and imaged 
ically normal. The central portion of the dorsal on the gamma camera. The fragments showed minimal activity 
was carefully excised with a small ostcotome. The pieces suggesting the nidus had not been removed, Six more 
bone were laid in an agar-containing petri dish, the agar fragments were then removed from an adjacent area on the 
i to maintain the relative position of the fragments, dorsum of the capitate. These fragments also appeared 
their location within the capitate. Each collection of macroscopically normal but on scanning four of the six 
was numbered to allow later correlation of showed much higher activity than the original fragments 
vith histological hndings (Fig. 4). A third collection of fragments was made from 


around the periphery of the positive area and this collection 
had a similar low activity to the first group 

On histological examination the typical appearances of 
osteoid osteoma were found in the second collection of 
fragments. The other two collections showed normal bone. The 
patient was symptom-free post-operatively and remained so at 
his final review at 6 week: 


Discussion 

We used this simple technique to aid in the localization of an 
osteoid osteoma. As all removed bone appeared macroscopic- 
ally normal we feel that a second operative failure may well 
have been avoided 

The technique has a potential use in any hospital which has 
a gamma camera. In our hospital the Nuclear Medicine 
department is situated close to the theatre block and delay in 
transport of the three sets of bone fragments did not add 
appreciably to operating time 

Although the count rate from each fragment was not 
quantified we feel that the difference in scan appearance 
between hot and cold fragments was so substantial that 
quantification is not necessary to achieve a reasonable chance 


Of success 
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Three myosin isozymes (V,, Va, Va) have been shown to exist 
in the heart. V, isozyme, containing two « heavy chains, has 
relatively higher actin- and  calcium-stimulated myosin 
adenosine triphophatase (ATPase) activities than does V,, 
which is composed of two B heavy chains (Hoh et al, 1978: 
Martin et al, 1982; Litten et al, 1983). V, isozyme appears to 
be a heterodimer composed of one x and one $ heavy chain 
(Hoh et al, 1979; Everett et al, 1983a). 

The proportions of myosin isozymes are altered under 
various conditions of stress. During pressure-overload-induced 
hypertrophy, there is a shift toward the V, isozyme (Mercadier 
et al, 1981; Litten et al, 1982). The amount of V, isozyme is 
also increased with hypothyroidism and age and is decreased 
by hyperthyroidism and exercise (Litten et al, 1982; Everett 
et al, 1983b). 

Changes in the relative amounts of V, and V, isozymes are 
believed to be responsible, in part, for altered cardiac 
performance. A high proportion of V, isozyme is associated 
with relatively slow, economic tension development within the 
heart, whereas a high proportion of V, isozyme is associated 
with a faster, but less economical force development (Schwartz 
et al, 1981: Alpert et al, 1983). 

In this study, measurements of cardiac myosin isozymes 
were carried out in rats subjected to acute sublethal whole- 
body irradiation. The studies showed, for the first time, that 
there is a shift in the pattern of myosin isozymes 9 days after 
irradiation. This change may result in functional alterations of 
the heart following whole-body irradiation. 


Methods 
Animal model 

Three-month-old male Sprague Dawley rats were obtained 
from Taconic Farms (Germantown, NY). Rats were quaran- 
tined for a period of 2-3 weeks and examined for pathological 
and serological indications of illness or infection. The rats were 
housed three to a cage in Micro-isolator cages on hardwood- 
chip bedding, maintained in conventional animal holding 
rooms on a 12-h light-dark cycle. The rooms were maintained 
at 214 1°C with 50% relative humidity and 12 room changes 
of 100% conditioned fresh air per hour. Wayne Rodent Blox 
dietary pellets and acidified water (pH 2.4) were provided ad 
libitum. 
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For whole-body irradiation, rats were placed in individual 
plastic rectangular cages and irradiated with a total dose of 
5 Gy or 10 Gy using a bilateral cobalt-60 source at a dose-rate 
of | Gy/min. Aged-matched rats were used as controls. 

At euthanasia, rats were anaesthetized with menthoxy- 
flurane. The heart was immediately removed and weighed. 
Portions of the heart tissue were fixed in 10°% formalin for 
histological examination and the remainder of the heart was 
frozen at — 80°C. Tissue samples for histological examination 
were embedded in paraffin, sections cut and stained with either 
haematoxylin and eosin or Masson’s stain. 


Pyrophosphate gel electrophoresis 

Cardiac myosin was extracted by homogenization of the 
frozen left ventricular apex in 100 mM sodium pyrophosphate 
(pH 8.8) 5 mm EDTA, 2 mM 2-mercaptoethanol and 0.2 mM 
dichlorvous. Pyrophosphate gel electrophoresis was carried out 
as previously described (Litten et al, 1985). The gels were then 
scanned with an LKB Ultrascan laser densitometer (Fig. 1) 
and quantitated as described previously (Litten et al, 1985). 
The amount of the heterodimer V,. which is a minor 
component, was divided equally between V, and V ,. 


Results and discussion 

Radiation exposure induced an alteration in the relative 
amounts of cardiac myosin isozymes at 9 days and | month 
after irradiation (Figs 1, 2). The percentage of the V, isozyme 
was significantly increased from 26+4% in age-matched 
control rats, to 40+5% at 9 days after irradiation, and from 
19+4% in controls to 36+5% at | month after irradiation 
(Fig. 2). There was no significant difference in the percentage 
of V, composition 3-12 months after irradiation in 
comparison with age-matched controls. During this period, V, 
comprised ~ 55% of the myosin. If the radiation dose to the 
rat was increased from 5 to 10 Gy, 100% lethality resulted by 
approximately 12 days after the radiation exposure. The 
percentage of the V, isozyme observed at 9 days after 10 Gy 
increased to values similar to that observed after 5 Gy, 
suggesting that higher radiation doses do not produce a greater 
effect. However, it is possible that the shift to the V, isozyme 
occurred at an earlier time after 10 Gy. Future experiments 
which examine earlier post-irradiation time points will test this 
possibility. 

Although a shift in the cardiac myosin isozymes was 
observed after whole-body irradiation, there was no histo- 
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Figure 1. Densitometric traces from a pyrophosphate gel of 
samples from (a) an age-matched control and (b) a rat 9 days 
after irradiation (5 Gy). Similar separations were obtained for 
all samples in this study. Details regarding quantifications of 
the myosin isozymes are provided in the Methods section. 


jogical evidence of heart damage. There was no radiation- 
induced increase in fibrosis or any apparent changes in the 
structure of the myocardial cells. In addition, there was no 
increase in the ventricular weights. 

This increase in the V, isozyme following whole-body 
irradiation has been observed under various conditions. One 
condition responsible for an increase in the V, isozyme 1s 
hypothyroidism (Litten et al, 1982; Everett et al, 1983b). Gray 
et al (1980) have previously demonstrated that whole-body 
irradiation with 7.5 Gy reduced the level of the serum thyroid 
hormones in rats. Studies are in progress to examine the 
possible relationship between the increase in V, isozyme and 
the thyroid state of the rat after irradiation. 

Semi-starvation of rats also increases the amount of cardiac 
V, isozyme (Dillman et al, 1983). Since the rats consume very 
little food for several days following whole-body irradiation 
with 5 and 10Gy, this may be responsible in part for the 
increase in the V, isozyme. However, Dillman et al (1983) also 
demonstrated a decrease in the plasma thyroid hormone level 
en serni-starved rats. Thus the shift toward the V, isozyme in 
the semi-starved rats may simply be caused by the hypothyroid 
state of the animals. 

Finally, an increase in age has been associated with an 
increase in the Va isozyme (Lompre et al, 1981; Litten et al, 
{985}. Several investigators have postulated that radiation 
causes an acceleration of aging in various tissues (Alexander, 
1957: Alderman & Britton, 1975; De et al, 1983). Thus the 
increase in percentage of V, following whole-body irradiation 
may be interpreted as an acceleration of aging. Further 
experiments are needed to support this suggestion. 

Changes in myosin isozymes result in changes in actin- 
activated myosin ATPase activity (Litten et al, 1983). An 
increase in the proportion of V, isozyme has occurred at Day 9 
and | month after irradiation, resulting in the heart having less 
myosin ATPase activity. A decrease in the velocity of muscle 
shortening, a decrease in the rate of isometric force 
development and an increase in the economy of force 
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Figure 2. Percentage of V, myosin isozyme against time after 
irradiation in irradiated (5 Gy) as compared with age-matched 
control rats. Values are mean+SE, four to seven hearts per 
group. *Indicates a significant difference from age-matched 
controls (p <0.05). 


development within the heart are the functional cardiac 
changes that have been associated with an increase in the V, 
isozyme (Schwartz et al, 1981; Alpert et al, 1983). It has been 
postulated that the effect of an increase in the V, isozyme on 
cardiac function is caused by a decrease in the crossbridge 
cycling rate between actin and myosin due, in part, to an 
increase in the time of actin and myosin attachment during 
crossbridge cycling (Alpert et al, 1984). 

The mechanisms causing changes in cardiac myosin 
isozymes after whole-body irradiation are unknown. It has 
previously been shown that the change in the B and a myosin 
heavy chains (V, and V,, respectively) is a pre-translational 
event during pressure-overload-induced hypertrophy of the 
right ventricle (Nagai et al, 1987). Others have postulated a 
similar conclusion using hypo- and hyperthyroid states to 
induce changes in cardiac myosin isozymes (Everett et al, 
1984: Mahdavi et al, 1987). Recently, Umeda et al (1987) have 
demonstrated that regulation of the # and x myosin heavy 
chain mRNA levels by thyroid hormone occurs at the level of 
transcription. 

In summary, it has been shown that doses of radiation 
(sublethal and lethal) cause changes m cardiac myosin 
isozymes which may lead to functional changes in the heart. 
This shift in myosin isozyme pattern is similar to that caused 
by hypothyroidism, semi-starvation and aging. These changes 
in cardiac myosin isozymes occur without evidence of 
myocardial damage. Thus, the results here raise the following 
important questions; first, how much of a functional change 
occurs in the heart following radiation-induced changes in the 
myosin isozymes and secondly, what is the mechanism of 
signal causing the myosin isozymes to change? Future 
experiments will be directed toward answering these questions. 
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Variation of image quality with X-ray tube potential 
in mammography 


THe Enrror—-Sir, 

it has Jong been accepted in general radiology that decreasing 
tube potential (kV) leads to increased contrast. With tungsten 
target tubes there has been no cause to question this in the 
mammography region down to 25kV or even below. With 
molybdenum targets and filters, X-ray spectra are a little more 
complex, owing to the molybdenum characteristic radiation. 
Any difference in behaviour, if it exists, will arise from this 
radiation, but the same broad conclusion is likely to apply here 
also. A further possible point of mterest could be the rate at 
which contrast varies with kV. Most clinical experience seems 
to support the view that contrast does increase as kV falls, and 
experimental confirmation has been reported (Stanton et al, 
1979} on a Mo/Mo tube assembly. Yet in private discussion 
the point is still sometimes questioned. This letter reports some 
direct experimental evidence that the conventional view is 
correct. 

An objective measure of contrast was obtained from 
radiographs of a “Barts” phantom (White & Tucker, 1980) 
taken at different kVs. The difference in density was measured 
under the thickest steps of two step wedges, one of water 
equivalent and one of adipose equivalent tissue. Five 
radiographs were taken at each of SkV_ settings on a 
CGR 500 X-ray set, using MinR films and screens. The mean 
contrast obtained from the five radiographs at each kV value, 
with the standard error of the mean, is given in Table IE The 
actual kV values were estimated from absolute measurements 
by the fluorescence method, using the silver and tin K-edges at 
25.4 and 20.2 keV, supported by measurements with a digital 
kV meter from a nominal 25 to 35 kV. 

The measured contrast increases fairly steadily throughout 
the kV range studied, ie. down to about 23.5 kV. 

Further evidence is provided by scoring the same 
radiographs of the Barts phantom, i.e. by counting the number 
of details visible in each radiograph. Four persons scored each 
radiograph, half-scores being given for details doubtfully 
distinguished, and the mean count from each group of five 
radiographs was taken as an index of image quality. The 
results appear in Table I. This method of scoring, with four 
persons, is slightly simpler than the one used by Kirkpatrick 


Table I. Image scores from “Barts” phantom at different tube 
potentials with a molybdenum target and four radiograph 
scorers. The tube potential was checked by fluorescence, 
Adran-Crookes penetrameter, and digital kV meter 





Measured Filter 





Indicated Image score Contrast 

kV kV (mm Mo) (see text) 

25 23.5 0.03 53.540.8  0.289+0.009 
28 ela 0.03 §2.141.0 0.282+0.012 
30 29.5 0.03 50.2+40.9 0.257+0.010 
32 SES 0.03 49.1+0.3 0.234+0.010 
35 34,5 0.03 48.1404 0.228+0.006 
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Table H. Image scores from “Barts” phantom at different tube 
potentials with a tungsten target and two scorers. The tube 
potential was checked by an Adran-Crookes penetrameter 





Indicated Measured Filter Image score 
kV kV (mm Al) 

22 24 0.45 $1.4+0.6 
25 27 0.45 47.8+0,3 
30 31.5 0.45 43.9+0.3 
31 32 0.58 44.0+0,3 
40 4i 0.58 38.34 0.4 
49 50 0.58 37.8 + 1.2 
50 51 1.62 35.4+0.5 
60 61 1.62 31.840.4 





and Law (1987) with two persons scoring, Other scoring 
methods are, of course, possible, but the essential requirement 
is consistency within each set of results. 

The same technique, involving sets of radiographs of the 
same Barts phantom, had earlier been applied to another 
mammography X-ray set having a tungsten target and 
aluminium filters of three different thicknesses. On this set the 
kV had been checked with an Ardran-Crookes penetrameter, 
which had been calibrated at the NPL using a tungsten target 
tube. This calibration should be valid for the mammography 
tube with a tungsten target. 

The results are given in Table If and show that there is no 
essential difference in the variation of image score with tube 
kV between tubes with Mo targets and filters and tubes with 
tungsten targets and aluminium filtration. 

We thank Dr A. E. Kirkpatrick for joining us in the scoring 
of the radiographs. 

Yours, etc., 
J. Law 
*K. FAULKNER 
*S. SMITH 
Department of Medical Physics and 
Medical Engineering, 
Western General Hospital, 
Edinburgh EH4 2XU and 
*Regional Medical Physics Department, 
Newcastle General Hospital, 
Newcastle upon Tyne NE4 6BE 
(Received June 1988 and in revised form August 1988) 
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Aid to localization for computed tomographic biopsy 
and aspiration procedures 


THE EDITOR— SIR, 

In computed tomography (CT)-guided biopsy and aspiration 
procedures, various methods of precise localization have been 
described (vanSonnenberg et al, 1981; Frederick et al. 1985: 
Onik etal, 1986). When such refined methods are not 
available, the scanner’s registration scale is normally used but 
the first attempt at a slice through a desired level may muss its 
target. When this happens, it is often difficult to know the 
amount of correction required, and whether this should be 
cranial or caudal. 

We have found it useful to tape two hypodermic 21G 4 em 
(currently green) needles to the skin surface to extend about 
2cm above and below the required level. One needle is aligned 
cranio-caudally and the other placed beside it at an angle so 
that the distal ends of the needles are | cm apart and their 
proximal ends 3cm (Fig. 1). The needles may be left in their 
Sterile containers. When the trial slice has been taken the 
separation of the needles is measured (Fig. 2). From this is 
deduced the amount of correction necessary and whether it 


should be cranial or caudal. This reduces the overall number of 


false levels scanned and speeds procedures 
Yours, etc., 
M. J. TURNER 
P. BALI 

X-ray Department, 
The London Hospital, 
Whitechapel, 
London El | BB 
(Received August 1988) 





(a) 


Figure 2. (a) Air window-setting to show needles on skin. (b) 
Soft-tissue window-setting to show measured separation of 
needles (2.08 cm) and biopsy needle (arrow) in midline of 
patient entering coccygeal lesion (note that the patient is 
skewed in the scanner for comfort). 
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Figure 1. Schematic dia- 
gram showing the arrange- 
ment of the needles 
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(Dr J. E. Husband writes: | learnt an even easier way to 
determine the precise position of the needle from Dr Michael 
Bernardino at Emony University. All you need to do is take a 
scout view with the needle in the patient. This shows the 
position of the needle tip and a slice is then taken right 
through it.) 
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Stress changes of the wrist in adolescent gymnasts 


THe Eorror—Sm, 
i mote the bilateral nature of the lesions presented in the paper 
by Carter et al (1988) but I think it important to point out the 
original lesions that I wrote up were in fact unilateral. All of 
the bilateral lesions presented here are in males where as mine 
were originally only in girls. However, since then I have now 
seen some boys with unilateral lesions. In a personal 
communication with Mr Aldridge we wondered if male 
gymnasts’ lesions stemmed from the work on the pommel 
horse whilst unilateral lesions stemmed from the rotational 
vaults or rotational manoeuvres on the floor. Certainly 
clinically, | feel that tenderness over the volar surface of the 
radius must be followed-up by a radiograph to exclude stress 
fracture and indeed by following this very rule on one occasion 
with a male gymnast I confirmed the stress fracture to be 
present. 
Yours, ete., 

M. R. T. F. Reap 
60 Woodbridge Road, 
Guildford, 
Surrey GUI 4RF 
(Received August 1988) 
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The cost of imaging procedures 


THe Eprror—~-Sir, 
I was interested to see the letter by Dr Russell (1989) on 
attempts to cost the harm resulting from radiation used in 
diagnostic radiology. If we started allowing for these costs it 
would of course be necessary to start allowing for the costs of 
the benefits of diagnostic radiology, and as Dr Russell is a 
diagnostic radiologist he probably feels that radiology is of 
some positive use in diagnosing the causes of disease, and 
occasionally in treating them using interventional techniques. 

I would be most interested if Dr Russell could produce some 
figures on the credit side of the equation. 

Yours, ete., 
W. D. JEANS 

Department of Radiodiagnosis, 
Bristol Royal Infirmary, 
Bristol BS2 8HW 
(Received August 1988) 
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Book reviews 


Radiation Dose to Patients from Radiopharmaceuticals: A Report 
of a Task Group of Committee 2 of the ICRP (Annals of the 
ICRP—ICRP Publication 53), pp. ix +377, 1988 {Pergamon 
Press, Oxford), £62.00. 


This important publication from the International Commission 
on Radiological Protection has been long awaited by those 
involved in making and using estimates of radiation dose to 
nuclear medicine patients. The earlier “blue book”. ICRP 
Publication 17, has been available since 1971 and has become 
out of date, partly because of substantial changes in the range 
and usage of radiopharmaceuticals. Furthermore, ICRP 17 
comprised a compilation of inconsistent results from various 
authors who had used a variety of biological models to calculate 
doses to a variety of target organs, generally for adult patients 
only. Comparisons of radiation dose within and between 
modalities were very difficult to make; the work pre-dated the 
emergence of the concept of the effective dose-equivalent. 

ICRP 17 has now been replaced by two publications which 
overcome these limitations: ICRP 52, Protection of the Patient 
in Nuclear Medicine appeared last year and contains the 
philosophy and principles of good practice. For details of 
absorbed dose calculations it refers to ICRP 53, the subject of 
this review. 

The book comprises two parts. The first part, 37 pages, 
describes the principles of biokinetics and dosimetry which have 
been adopted; the second part, 340 pages, gives tables of input 
and output data for individual radiopharmaceuticals. 

The first part is a very welcome integration, albeit in summary 
form, of current thinking on radiation dose estimation. It 
describes the use of the “MIRD* methodology (as developed by 
the Medical Internal Radiation Dose committee of the US 
Society of Nuclear Medicine) and the selection of appropriate 
biokinetic models. It explains how weighted sums of doses to 
different target organs may be used to derive the effective dose 
equivalent, an extremely useful quantity whose estimation is 
required by bodies such as the UK ARSAC Committee. 
General biokinetic models are described for 1} physiological 
systems. 

The second part includes data on more than 100 
pharmaceuticals, involving 71 radionuclides of 34 elements. For 
each pharmaceutical a biokinetic model is described and the 
relevant biokinetic data are tabulated. A particular strength of 
this work is the clarity of presentation of these input data, and 
the consistency of approach adopted for all the calculations. A 
consistent list of target organs is adopted for all 
radiopharmaceuticals and for each one a computer print-out 
tabulates the absorbed dose per unit activity administered in 
units of mGy/M Bq. The effective dose-equivalent is derived in 
units of mSv/M Bq with an indication of which organs were used 
for the calculation. Data are tabulated for adult patients, and 
for 15-year-, 10-year-, S-year- and l-year-olds. In some cases the 
calculations have been repeated for different levels of organ 
function. 

An attraction of the inclusion of such complete input data is 
that the reader may be able to extend the calculations to new 
materials or different conditions. The work is very well 
referenced and it seems a pity to have to report a small but 
significant gap in the literature: the “S factors’, essential to all 
the calculations, have been published by MIRD only for adult 
patients—the values for children have not been published. 
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Another question of continual interest which is not fully treated 
here is the estimation of dose to embryo or fetus. The reader is 
advised to quote the dose to the uterus which is included in all 
the tables. 

It is difficult to keep up to date in nuclear medicine. Neither 
*°Tc™-HMPAO nor ?°Tc™-isonitriles have been included— 
perhaps anticipating the next edition! Meanwhile this 
immensely valuable compilation will be welcomed with 
enthusiasm by the nuclear medicine community. The members 
of ICRP Committee 2 and its task groups deserve our thanks 
and congratulations. 

R. A. SHIELDS 


Non-ionising Radiation: Microwaves, Ultraviolet and Laser 
Radiation (Medical Physics Handbooks 18). By H. Moseley, 
pp. x + 293, 1988 (Adam Hilger, Bristol), £37.50. 

ISBN 0-85274-166-9 

As the title states, the book covers three topics: microwave 
radiation, light derived from sources other than lasers. and 
finally, lasers and their applications. The book is written by a 
medical physicist and the text is specifically directed towards 
those who work or have concerns in this area. 

For each of the above topics, the underlying physics of the 
radiation and its means of generation are discussed. The detail 
given is adequate for an intelligent awareness of the 
fundamental processes involved. There are also succinct 
descriptions of the properties of the various radiations together 
with extended accounts of applications in biological and 
medical areas. Safety and protection are assigned separate 
chapters in each of the classes of radiation mentioned. Much 
useful detail is provided in these latter sections, and the author 
draws upon an extensive knowledge of these aspects. 

The subject matter covered by the book is very broad and it 
could be argued that there is a strong case for two books, one 
dealing with microwaves and the other with light-related 
phenomena. In less than 300 pages. microwaves take up just 
over 100, ultraviolet, visible or infrared take 110, leaving only 
about 40 pages allocated to lasers. In view of the increasing uses 
of lasers in medicine, industry and commerce, more information 
could have been provided on all aspects. The overall! treatment 
given by the author, however, is such that both newcomers and 
experienced workers can learn from the text and follow their 
own interests by making use of the selected references and short 
bibliography provided. The chapters which deal with safety 
matters seems to me particularly useful, and their careful study 
is to be recommended. 

The editorial standards of the text are high and I was 
impressed by the excellent tables which feature in the various 
chapters. Together with many of the figures, these provide the 
reader with applicable data on the properties of the various 
radiations and the performance of equipment used in the 
laboratory and clinic. 

In these days, the price for a book of this type is probably not 
excessive and should not deter its acquisition by biologists and 
clinicians who use non-ionizing radiation. The author js to be 
complimented on producing a text which is comprehensive, up 
to date, readable and interesting. It forms a very useful volume 
to have at hand for reference. 

B. CUNDALL 
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Quality Assurance and Image Artifacts in Magnetic Resonance 
imaging. By R. James, R. Knowles and John A. Markisz, 
pp. xiii + 149, 1988 (Little, Brown & Co.. Boston), £16.50. 
ISBN 6-316-~49974-9 

In general. this is a well presented text concerned with the 
logistics for obtaining good-quality images in MRI. The authors 
assume a basic knowledge of the physics of MRI and a greater 
awareness for the formation of MRI images. Overall the text 
will appeal to those professionals who are actively involved in 
MRI both medical and scientific. 

The book has 14 chapters which develop the theme of quality 
assurance and the important factors affecting the quality of MR 
images. The chapter headings are helpful in describing the range 
ef information in the book: “Introduction to quality 
assurance’. “The MR image”, “‘Operator-adjustable 
parameters”, “General imaging measurements’, “Electronic 
measurements’. “NMR measurements”, “Archival QA”, “QA 
conclusions”, “Introduction to image artifacts”, “Reducing 
image artifacts by patient screening and preparation’, 
“Reducing patient motion artifacts”. “Instrumental artifacts”, 
“Artifacts from the microscopic environment” and “Image 
artifact conclusions”. The chapters examining “measurements” 
are divided into fundamental sections (e.g. “Signal and noise”, 
“Duty cycle effects”, etc) and then subdivided, presenting the 
underlving factors, tests, and follow-up procedures that may be 
undertaken. Although this type of presentation is repetitive, it 
does allow efficient reading of the salient information. I imagine 
that some physicists will disagree with some of the test 
procedures, but this should be expected in the infancy of a new 
imaging modality. 

My only adverse criticisms are directed towards the 
publishers. Firstly. the use of plastic ring binding might enable a 
less costly production but it does not aid durability in a book 
which is likely to be referred to more than once! Secondly, it 
would have made reading much more pleasant if the legends to 
figures and tables had been in a different typeface or somehow 
distinguished from the text. Invariably a legend appears at the 
beginning of each page, thus leading the reader to search for the 
next relevant phrase or sentence. Perhaps this feature is a 
product of computer-aided typesetting? 

Overall this is a very useful book, particularly for the 
technically orientated professional, and quite affordable. The 
clinical images may not be state-of-the-art always, but they do 
represent a useful compendium of potential artefacts that may 
occur on current equipment. I believe this book is unique in its 
approach to the technicalities of MRI and should prove a 
justified purchase by individuals, libraries and MRI centres. 

P. C. JACKSON 


Clinimetrics. By Alvan R. Feinstein, pp. xii + 272, 1987 (Yale 
University Press), £25.00, $35.00. 

ISBN 0-300-03806-2 

The introduction to this book is a succinct and seductive 
justification for establishing a code for clinimetric measurement, 
The already widespread adoption of clinimetric ratings and 
indices underlines an acceptance of the science in principle, but 
the author emphasizes the science’s lack of principles. The aim 
of this book. therefore, is to structure a system for rating clinical 
information, such that observation of human phenomena can 
produce scientifically credible data. 

The objective having been stated, this book goes on to 
describe a set of methods, strategies, and principles for 
constructing and evaluating clinimetric indices. In effect, an 
attempt is made to establish clinical standards. 

The book is aimed at all those seeking precision in clinical 
assessment, particularly those involved in the construction of 
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studies and the collection of data. Chapters 2 to 7 are concerned 
with the precise structuring of clinimetric indices, their 
component variables, and the organization of output scales, and 
provides a consistent reminder of the necessity to define goals 
when attempting clinical measurement. There are useful 
chapters (8 and 9) which draw attention to the necessity for 
compatibility of these clinical goals with the goals of statistical 
and psychosocial methods. There are then a group of chapters 
which address the problems of validating the chosen clinimetric 
index. As the author says, “the validation process is complex”, 
and at times the terminology is overwhelming. The final chapter 
of this book provides a useful summary to each of the 
constituent chapters, and helps consolidate the extensive 
terminology and complex principles introduced throughout the 
book, 

The principles encapsulated in this book are refreshingly 
expressed and invigorating. It should provide interest, 
information and inspiration for clinicians involved in any area 
of investigation. Although the vastness of the terminology is at 
times cumbersome and daunting, the author has made an 
admirable attempt to structure a system. The reader's task is 
lightened by illustrating the principles with familiar clinical 
indices. such as the APGAR score, and by frequent reference to 
specific clinical questions. More liberal use of illustrations might 
have aided general comprehension and made the text more 
approachable. 

Diana Tair 


Nuclear and Atomic Data for Radiotherapy and Related 
Radiobiology. Proceedings of a meeting at Rijswijk 16-20 
September, 1985, pp.x+454, 1987 (International Atomic 
Energy Agency, Vienna), Austrian Schillings 950. 

ISBN 92-0-131087-0 

This is the proceedings of the meeting of the Advisory Group on 
Nuclear and Atomic Data for Radiotherapy and Related 
Radiobiology held in Rijswijk, Netherlands, 1985. The meeting 
was organized by the International Atomic Energy Agency and 
attended by 35 scientists from several countries with the 
following objectives: to make an inventory of available 
knowledge on nuclear and atomic data relevant to radiotherapy 
and related radiobiology; to identify and specify further needs 
for nuclear and atomic data and their accuracies; to stimulate 
new experimental and theoretical work to fill the identified gaps 
in nuclear reaction, decay and atomic data; and to formulate 
specific technical recommendations for further work. 

The six chapters address topics on the physical and chemical 
bases for biological effects in DNA targets; neutron beam 
production and application; neutron, pion and charged particle 
interaction; and charged particle track structure. The book has 
a wide scope, giving up-to-date information on radiation 
physics and chemistry related to radiobiology and radiotherapy 
protocols, and there are some very good articles among the 27 
papers. The book has a wide appeal to those involved in 
fundamental radiation effect research in radiobiology and 
radiotherapy and is particularly useful for identifying new 
research projects. 

The most valuable part is the final section, on the report of the 
three working groups: beam production and field specification; 
dosimetry; interpretation and optimization of biological effects. 
This section gives details of specific requirements and critical 
parameters in the field and identifies the gaps in the present 
available data. It seems that data on cross-sections are the most 
needed at the present time. My criticism is reserved for the first 
objective of the meeting (an inventory of the available data), in 
which a better presentation could have been made. 

H. Nikjoo 
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Physical Aspects of Brachytherapy (Medical Physics Handbooks 
19). By T. J. Godden, pp. ix+ 291, 1988 (Adam Hilger, Bristol), 
£37.50. 

ISBN 0--85274-511-7 

This is a useful and interesting book for any physicists and 
radiotherapists dealing with brachytherapy treatments. It is 
well written and up to date in the techniques and developments 
it describes, and is a good reference book for those people 
already involved in brachytherapy techniques. since there is 
sufficient detail on purchase, testing, calculation and safe 
handling of sources. All necessary subject areas are covered and 
therefore each topic is dealt with fairly concisely, but there are 
sufficient references for further study. 

The chapters on sealed source dosimetry and the localization 
of radioactive sources in situ are. of necessity, theoretical: but 
most. if not all, chapters are interesting and informative reading 
for anyone requiring an introduction to the subject. The 
illustrations are clear and appropriate to the text, and the tables 
of constants and source specifications draw together the most 
recent data available. 

The first chapter begins with a historical background to 
sealed source therapy and goes on to describe the radiation units 
required, in both the SI and more historical format. The latest 
definitions and tables of constants for most sealed sources in 
brachytherapy use are well set out and easy to find. The 
biological effects of radiation are discussed briefly and models 
for calculating dose—time relationships are reviewed. Chapter 2 
describes the production and construction of all the sealed 
sources in common use. There is a comprehensive review of 
calculation methods in Chapter 3, and considerations of 
absorption, attenuation and scatter. 

Any confusion over specification of source strength is cleared 
up in Chapter 4 and quality assurance checks are described. 
There is a brief review of dosemeters suitable for absolute and 
relative dose measurement and a comprehensive list of 
references for further study. Line and point source distributions 
are described, but there are no diagrams, which would have 
been helpful here. 

External applicators and moulds. interstitial and 
The relevant dose calculation methods and the limitations of 
each are presented. Worked examples are helpful and relevant 
to clinically-encountered situations. Interstitial and 
intracavitary therapy using neutrons completes these chapters. 
Chapter 8 reviews current techniques of in vivo source 
localization in some detail, and the computer algorithms 
available for point sources, straight and curved line sources. The 
last chapter is concerned with the safe use of sealed sources from 
the protection requirements, storage and custody of sources to 
the routine source checks and source handling and transport. 

The book fulfils the aim set out in the preface of “providing 
the reader with an overall view of historical and current 
brachytherapy practice and sources available and to give an 
insight into the associated dosimetry and a practical guide to the 
use of dosage systems in clinical situations”. It forms a 
complete, cost-effective guide to modern brachytherapy 
techniques. It appears rather brief in some aspects, but covers all 
the necessary topics and provides a basis for further research. It 
is useful for intercomparison of properties of currently available 
brachytherapy sources. The editorial standard is reasonably 
high and the price reflects the quality and quantity of 
information presented. | would definitely recommend its 
purchase as a reference book by anyone involved, now or in the 
future, with brachytherapy treatments. 

ELIZABETH M. DEAN 
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Pediatric Tumors of the Genitourinary Tract. Ed. by Bruce H. 
Broecker and Frederick A. Klein, pp. ix +336, 1988 (Alan R. 
Liss, New York), $72.00. 


Pediatric Tumors of the Genitourinary Traci is intended to be a 
clinical reference text collating the most current information 
available on management of this group of rare tumours. This 
volume is edited by Bruce Broecker, MD and Frederick Klein, 
MD who are both specialists in surgery, the former being in 
paediatrics and the latter in urology. However, contributions 
have been gathered from a number of specialties so that this 
volume brings together current views from pathologists, 
haematologists, medical oncologists, paediatricians and 
radiotherapists, in addition to some major contributions from 
surgical specialists. The contributors are mainly American, with 
some input from Europe giving a balance of opinion from both 
sides of the Atlantic, With this varied input, the book provides 
and excellent source of reference for  diagnasticians, 
pathologists, clinicians and scientists who may be involved in 
the management of, or research activities associated with, these 
tumours. 

This is a well presented book, which is easy to read. 
informative and up-to-date. In addition to the obvious clinical 
requirements of the subject, the authors have had the foresight 
to include chapters such as the “genetics of paediatric 
genitourinary tumours” and “coping with cancer in childhood”. 

It is hard to pick out particular chapters for praise, as the 
general standard of contributions is high, but to this reviewer, 
the most interesting were the “Genetics of paediatric 
genitourinary tumours” by Vincent Riccardi and “Adverse 
effects and sequelae of paediatric genitourinary cancer therapy” 
by Frederick Klein. These two chapters contain information of 
newly recognized significance and highlight the importance of 
the aspects of cancer biology and management bevond the 
traditional application of surgery, radiotherapy and 
chemotherapy. 

This is an excellent reference book, which will be useful both 
to medical libraries and to individuals concerned with the 
management of childhood tumours. 

Diana Tart 


Essentials of Clinical MRI. Ed. by Theo H. M. Falke, pp. x + 
235, 1988 (Martinus Nijhoff. Dordrecht), £49.50: US $79.00: 
DA. 160.00. 
ISBN 0-89838-353--6 
The stated aim of this book is to provide an introduction to the 
essentials of magnetic resonance imaging. There are a number of 
articles under the headings of Genera! Principles, Neuro 
Imaging. Abdominal Imaging and Musculoskeletal Imaging. 
Most of the contributors are Dutch, the majority being from 
Leiden, with a few from the United Kingdom and United States. 

The book is not comprehensive in its coverage of the subject 
and there are some important deficiencies. Useful features 
include summaries on potential hazards, high-speed imaging of 
the heart and magnetic resonance imaging of the abdomen. The 
standard of contribution varies in regard to the scientific 
content and language. Firmer editing would have been 
beneficial for these reasons, as well as preventing the substantial 
amount of repetition. The expert is unlikely to find little new 
information here, while the beginner in magnetic resonance 
imaging would be better advised to consult one of the larger text 
books for either detailed reference or for wider coverage of the 
subject. 

G. H. WHITEHOUSE 
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MRE A Teaching File Approach. By John H. Bisese, pp. xiv + 
300, 1987 (McGraw-Hill, New York), £59.95. 

ISBN 0-07-005403-—7 

This book consists of the magnetic resonance images of 250 
cases (249 when one realises that the same case is used as an 
example of retroperitoneal fibrosis on p. 282 and carcinoma of 
the prostate on p. 283!). Each set of images is accompanied by a 
short description under the headings Examination, Clinical 
Information, Technique, Findings, Impression, Confirmation, 
Discussion and Reference. The most serious criticism is that 
only a small minority of the cases illustrated have any 
confirmation at all. The majority have been labelled as examples 
of a particular disease on the basis of the radiologist’s 
‘impression’ and unfortunately only an impression not even a 
diagnosis. 

Once one begins to look for faults they are all too numerous. 
The overall quality of the illustrations, obtained at 0.6 T, is 
good but the images appear to have been taken directly from the 
monitor without deleting distracting scan details. H is especially 
distracting when the sequence data on the images contradicts 
ihe information given under “Technique” in the main text. For 
example, in Case 4 the text states that axial and coronal images 
were obtained ata TR of 2000 with TE of 40 and 80 and yet the 
coronal images show a TR of 1800 and there is one sagittal 
image with TR 500 and TE 32 clearly visible. Similar errors are 
repeated throughout. No attempt is made to label the individual 
images as T, T, or spin-density weighted and the terms are used 
inconsistently. Arrows are employed liberally but without labels 
or notes in the text to determine what is arrowed. The discussion 
section of each case is usually short — five to 10 lines — and 
makes one or two general points on MRI. When it becomes 
more specific there are problems. The attempt to explain the 
appearance of haemorrhage on MR on p. 42 is so garbled that I 
wondered if it had been translated. 

The book is expensive al nearly £60 and I am unsure for 
whom it is intended. The errors and inconsistencies referred to 
above make it unsuitable for the trainee and anyone who can 
work out which image is which will be able to arrive at their own 
"impressions of the pathology demonstrated. 

MICHAEL WILLIAMS 


MRI of the Brain, Head, Neck and Spine. A Teaching Atlas of 


Clinical Applications. By Jaap Valk, pp. xiv + 576, 1987 
(Martinus Nuhoff, Dordrecht), D.A 350.00, $175, £110.00. 
ISBN 0-89838-057-7 

This book is based on the author's personal experience of more 
than 5000 documented cases studied with a 0.6 T super- 
conducting MRI system in Amsterdam. 

A very brief summary of the basic physical principles of MRI 
is followed by a useful description of various technical 
considerations such as pulse sequences; some anatomical 
structures displayed by them: tissue differentiation; artefacts; 
flow phenomena and surface coils. A short section on MRI 
studies of special regions such as the pituitary follows. The 14 
subsequent chapters cover all the major disease processes and 
include affections of the brain, orbit, larynx, neck and temporo- 
mandibular joints. Spinal disorders and the use of contrast 
agents are also covered. 

The range of pathology and MRI appearances covered is 
comprehensive. The text is profusely illustrated with half-tone 
illustrations (more than 1500), mostly of the highest quality, 
although some are too dark and many could have been larger. It 
is most gratifying to see frequent and intelligent use of inversion 
recovery sequences, The closing pages of the book include an 
extensive and up-to-date list of references and a useful index. 
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The style and content of the book assumes an extensive 
knowledge of anatomy and pathology amongst tts readers. 
Indeed, there is no formal section of normal anatomy. 
Furthermore, the section on basic physical principles, though 
very brief, is almost certainly too complex for those who do not 
already have a basic understanding of the subject. 

Each of the sections covering disease processes is preceded by 
a short introduction to the pathology involved and the role of 
MRI in that anatomical area or clinical problem. This is 
followed by a series of case presentations displaying the 
pathology as studied by MRI. A total of more than 250 cases is 
presented. In keeping with the concept of an atlas, the text 
provides very little coverage of the interface between MRI and 
other imaging modalities. These case presentations form the 
core of the book (about 500 pages) and are of a high standard. 
The approach and the information are up-to-date. This reviewer 
would have appreciated some cross-referencing between cases, 
however, and felt that the balance of content could have been 
improved with, for example, less emphasis on “gliomatosis 
cerebri” (seven cases) and more on intracranial meningiomas 
(four cases). The non-specificity of many abnormal MRI signal 
characteristics could have been emphasized. Many readers 
would probably have found it useful in a book at this level to 
have the references ciied in the text. 

While the printing and binding are of high quality, other 
aspects of the publication and editing unfortunately are not. 
The text is peppered with minor spelling errors and there are 
many unusual expressions. Although most of the latter are the 
charming consequence of language differences. others are 
irritatingly inconsistent. For example the “Circle of Willis” is 
also referred to as the “Circulus Willisi” in other parts of the 
text. Broadly, however, the style is lucid and easily followed. 
Half the “T” entries in the index are misplaced and initially 
misled me into believing that a number of important topics were 
not covered. Reference to images in the text is often unclear and 
several appear to be out of place. In other cases it is unclear 
which images have been enhanced or which pulse sequence has 
been used, although in most instances unhelpful data on 
excitations and matrix are provided to the detriment of clarity. 
The order in which topics are presented does not follow any 
obvious logic, with spinal lesions and contrast agents lying 
between intracranial tumours and infections. As one progressed 
through the book one gradually became increasingly frustrated 
by these errors, which should not be so evident in a book at this 
price. 

In the foreward the author quite rightly states “MR images 
_,. May cause confusion and uncertainty about their diagnostic 
content. This will sometimes lead to an unecessary retreat to 
other diagnostic modalities.” The author sets out to correct this 
situation and overall, he fulfills his aims. Despite the criticisms 
outlined above, I believe the book is fair value at today’s prices. 
However, its purchase will be largely confined to those 
individuals and institutions performing MRI, or using an MRI 
service regularly. 

JOHN R, BRADSHAW 


Magnetic Resonance Imaging of the Brain, Head and Neck. A 
Text Atlas. By William G. Bradley Jr, W. Ross Adey and Anton 
N. Hasso, pp. ix + 130, 1985 (Aspen Systems, Maryland), 
£82.80. 

ISBN 0-87189-094- 1 

This book is basically in two parts. The first 35 pages present a 
discussion of the physics of NMR, while the following 90 pages 
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comprise an atlas of head and neck images. The book is 
handsomely presented, but the images, which are produced 
from a 0.35T superconductive system, whilst of reasonable 
standard, are not of the highest quality currently available. They 
are exclusively spin-echo sequences, and tissue contrast could 
have been increased with alternative sequences. 

Dr Bradley's introductory chapter, “Fundamentals of 
Magnetic Resonance Image Interpretation’, is an excellent. 
concise yet comprehensible, account of the nature of nuclear 
resonance, explaining the major concepts of T, and T, weighting 
and effects of flow in the image. The second chapter. dealing 
with interaction of cells and electromagnetic fields, is a much 
more esoteric contribution, and probably superfluous to this 
text atlas, which is obviously intended for readers at a very early 
stage of their exposure to NMR imaging. 

The head and neck images include axial, sagittal and coronal 
display. The anatomical features in the images are clearly and 
directly labelled, but occasionally the eye of faith is required, as 
for example in specific naming of seventh and eighth nerves 
when the internal auditory canal is indicated, and of the optic 
chiasma when the suprasellar region is indicated. There is only 
one image per page, and this only occupies about 60% of its 
area. The other 40% is expensive blank paper! 

The information contained in this book is available elsewhere 
but presented here in a very convenient format. Radiologists in 
training, clinical neuroscientists and even medical students 
could all find it useful, but it represents a fairly expensive 
investment for readers who will rapidly assimilate its contents 
and want to proceed to a text including pathological material. 

A. R. VALENTINE 


Cranial and Spinal Magnetic Resonance Imaging. An Atlas and 
Guide, By David L. Daniels, Victor M. Haughton and Thomas 
P. Naidich, pp. xvi + 315, 1987 (Raven Press, New York), 
$150.00. 

ISBN 0-88167-185~1 

This book commences with a presentation of the principles of 
magnetic resonance imaging and its application in the 
recognition of normal and pathological conditions. Neuro- 
anatomy is then described on a regional basis, and beautifully 
illustrated with cryomicrotome sections juxtaposed to almost 
identical magnetic resonance sections. These are supplemented, 
as necessary, in the more complex regions such as the deep grey 
matter and the limbic system, with helpful diagrams. The 
commoner manifestations of the diseases affecting the particular 
regions are also illustrated and briefly described. 

The cranial section does not include orbits, sinuses, facial 
structures, pharynx or larynx, and the spinal section does not 
include the musculature. Otherwise, all regions are well covered, 
and the presentation is simple and lucid, and suitable as an 
introduction to the subject for people at all levels of knowledge 
from medical students to neuroradiologists. The complex 
anatomy of the deep cerebral structures and of the limbic system 
are particularly well demonstrated in an easily assimilated 
manner. 

There is virtually no repetition. All the magnetic resonance 
images are of good quality and the anatomical colour plates 
excellent. The latter obviously contribute considerably to the 
cost of the well produced volume which is rather expensive for 
individual purchase. It is recommended for departmental and 
hospital libraries as an excellent introduction to the subject. The 
references are contemporary and there is a good index, making 
it useful for reference purposes also. 

BRIAN KENDALL 
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Atlas of Axial, Sagittal and Coronal Anatomy (with CT and 
MRI). Ed. by A. John Christoforidis, pp. xii + 563, 1988 (W B 
Saunders, Philadelphia), £95.00. 

ISBN 0--7216-1278~4 

A really good atlas of sectional anatomy with radiological! 
correlation is a long awaited product. So many are good up to a 
point. Others omit key areas of the body. Wagner and Lawson's 
Segmental Anatomy is one of the best to date. But now comes 
this tome from Ohio which poses a real challenge. The driving 
force emanates from Dr Christoforidis who has stimulated his 
colleagues into sharing the production of a really worthwhile 
book. To create this work while being Chairman of a 
Department is an exceptional task, but maybe Chairmen have 
hidden powers of persuasion! 

The whole body is covered. Sections on Head and Neck, 
Spine, Thorax, Abdomen, Pelvis and Extremities ensure that 
there are no lacunae. That there are more illustrations in the 
axial plane is hardly surprising, given the ever-increasing role of 
computed tomography in modern medicine. But approximately 
40% of the book is devoted to sagittal and coronal MR images. 
There is roughly one cadaver photograph (several in colour) for 
every four radiological images. Wherever possible the authors 
have tried to marry a photograph of a section of a cadaver with 
counterpart images both from a cadaver and from patients. 
From personal experience I know how difficult this is: it might 
have been easier had CT been performed with the cadaver 
frozen, although this does cause some curious artefacts. 
Nevertheless the correlation is quite good and more than 
illustrates the use of cross-sectional images in displaying and 
teaching topographical anatomy. 

This book is aimed at students, anatomists, radiologists and 
physicians. All would benefit from close acquaintance with the 
contents. The editorial style is good with very few 
inconsistencies (e.g. azygous admixed with the correct azygos). 
The book is up-to-date and I suppose that it represents realistic 
value for money. It is probably the most comprehensive work of 
its kind and will therefore become a necessary string to the bow 
of each imaging department. 

But there are several features on the debit side. First is that 
the tonal range of many of the images is deficient. Whether this 
is due to the chosen window widths and levels on the original 
images, the subsequent photography or the final printing is hard 
to say, but in several illustrations the labelled structures are hard 
to identify. It might have been better to have had a few 
unlabelled images/line drawings alongside for comparison. 
Occasionally detail is insufficient. For example, the segmental 
bronchi are now well delineated; similarly, hepatic segmentation 
is not considered. On this latter topic, the quadrate lobe is given 
too much prominence and even incorrectly labelled (it should be 
the posterior convexity of the medial segment of the left tobe). 
Finally, in this era where we strive for universal! uniformity in 
the display of images, I ask what is the correct method of 
displaying sagittal images? I prefer them viewed from the 
patient's right, as in ultrasound. We have won the war for axial 
images which should now universally be viewed from below. 
Surely as a profession we should aim for similar uniformity 
elsewhere? The clinician has long examined the patient from the 
right of the bed. Thus, in our MR unit, images are displayed as 
viewed from the patient's right; but not in this book. 

Despite these reservations, this work deserves and will receive 
wide success. 


ADRIAN K. Dixon 
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Magnetic Resonance Imaging of the Knee. By Jerrold H. Mink, 
Murray A. Reicher and John V. Crues IH, pp. xiii + 178, 347 
figs. 1987 (Raven Press, New York), $95.50. 

ISBN 0-88167-332-3 

This book is outstanding. It introduces the complex subject of 
magnetic resonance imaging (MRI) of the knee in an 
authoritative fashion based on the experience gained from over 
2000 such examinations. | was particularly impressed by the 
views stated in the preface, where Dr Mink expresses his initial 
doubts about the technique and his slight reluctance to change 
irom arthrography, the honest account of his subsequent 
conversion to MRI makes compelling reading. Much of the 
hook represents an expanded version of the many scientific 
papers on this subject which have emanated from these workers. 
it also provides what must be the largest available collection of 
up-to-date references pertinent to knee MRI. 

A good account of the necessary physics is provided at the 
outset. The section on technique is sound, with good practical 
advice as to projection and sequence selection. The authors 
admit that thinner slices may be helpful in the future; at the time 
of writing they were limited to 5mm slices. An excellent 
description of the anatomy of the knee follows. This chapter 
contains extensive correlative gross specimen/MRI images 
which are well arranged and easy to interpret (the cadaveric 
photographs are in colour). Many second MB and FRCS 
candidates might find their understanding of the anatomy of the 
knee improved after acquaintance with this chapter. I certainly 
did! The description of meniscal and cruciate tears is, as 


expected from these distinguished workers, excellent. The 
authors nobly accepted menisci with abnormal MRI 


appearances. shown to be normal at arthroscopy, as false 
positives, although they do describe patients in whom 
subsequent probing of apparently normal menisci revealed 
defects. They also emphasize how the arthroscopist can only see 
the surfaces of certain parts of the menisci. Rupture of the 
cruciate ligaments is well described, I think F now understand 
why it is so much more difficult to identify the anterior cruciate 
ligament than its posterior counterpart. There are good 
accounts of osteonecrosis and allied disorders as well as 
descriptions of other common clinical disorders. The closing 
chapter on pitfalls brings the reader back to earth with a bump. 
As ever with new techniques, there is a wealth of interpretive 
problems for the uninitiated. I predict that many of these images 
will tarn up in future editions of “Keats”. 

There are virtually no negative features in this book, which 
will be of help to anyone involved in knee imaging. There are 
very few errors. The price is about par for such a volume 
nowadays, but in this instance the book does provide value for 
money. On the subject of cost, the authors even point out some 
possible savings if MRI replaced diagnostic arthroscopy! 

ADRIAN K. DIXON 


Clinical Applications of Doppler Ultrasound. Ed. by Kenneth 
J. W. Taylor, Peter N. Burns and Peter N. T. Wells, pp. xii + 
371, 1988 (Raven Press, New York), $86.50. 

ISBN 0-88167-355-2 

Upi very recently it would have gone without saying that 
angiography was exclusively an X-ray based technique. The 
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what the book has to offer. 

A major strength of Doppler is that it provides information 
on vascular dynamics. The detailed principles by which such 
information is derived will be unfamiliar to many of the 
radiologists, clinicians and sonographers for whom this book is 
intended and it opens therefore with four introductory chapters 
that give a clear but reasonably detailed account both of the 
haemodynamic parameters that are accessible to study and also 
of the method and instrumentation employed. The remaining 
two-thirds of the book provides a series of systematic accounts 
of the clinical role of what might well be termed “ultrasonic 
angiology” (with the connotation of a study that is not merely 
graphical but also analytical) in eight different areas of 
application: carotid, gastrointestinal, renal, pelvic, obstetric and 
paediatric, together with arterial and venous aspects of vascular 
disease of the lower extremities. Each chapter gives a well 
illustrated account of the relevant normal vascular 
characteristics, contrasts this with a variety of pathological 
appearances and discusses the relative place of ultrasound and 
complementary alternative techniques. Although a minor 
criticism of some of the clinical chapters is that neither their 
authors nor the editors have succeeded in properly relating the 
practice described there with the principles set out in the 
introductory chapters, they nonetheless provide abundant 
illustration of the practical use of various accessible 
haemodynamic parameters, such as bulk flow, flow velocity, 
flow turbulence, and vascular bed impedance. 

This is a well conceived and timely book on a subject that is 
on the way to having an important place in the practice of 
radiology. The chapters are all of good standard, well set out 
and illustrated, and without an undue degree of repetition. The 
coverage is quite comprehensive although, for a book with 
strong intellectual origins in Bristol, it is perhaps surprising to 
see no reference to study of blood flow in the breast. It should 
have a useful place in any departmental library and anyone with 
access to a duplex or colour-flow imaging system is likely to 
benefit from having a reference copy on their own shelf. 

C. R. HILL 
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Abstract. A new microfocal unit ts described with an operating range up to 170 kVp (limited to 125 kVp for medical use), 0-1 mA 
and a maximum output of 75-80 W. The unit comprises a lanthanum hexaboride (LaB,) cathode, a single electromagnetic lens anda 
stationary oil-cooled multifaced tungsten target. The estimated source size ranges from 6 to 20 pm between i4 and 77 W. The tube's 
output is x3 to * 3.5 greater than that of a conventional X-ray unit, The use of fast rare-earth film-screen systems permits 
exposures of most views of the patient within 1s. The spatial resolution within these film—screen systems 1s 40-30 pm diameter at 
magnifications of x 5-10. The tube ts fixed so as to project a horizontal beam and the patient table is designed to position the patient 
close to the source (20-30 cm) with the film placed at a focus—film distance of 1-3 m. Stereopair macroradiographs permit greater 
accuracy in the identification and location of radiographic features. The large magnification and resolution of macroradiographs 


allow direct and accurate measurement of radiographic features. 


Microfocal X-ray units are characterized by an X-ray 
source of between 100 and 10 um diameter, and in terms 
of the tubes described here of the order of < 20 um. The 
principal advantage of the point source of X rays is the 
production of high-resolution macroradiographs with a 
geometric magnification of x5 or more obtained by 
placing the object close to the source and the recording 
emulsion or detector at some distance away. For these 
instruments the production of a micron-sized X-ray 
source through the focusing of an electron beam by one 
or two electromagnetic lenses was first suggested in 1939 
(Ardenne, 1939; Marton, 1939). The first tubes were 
designed and made at the Cavendish Laboratories, 
Cambridge by Cosslett and Nixon (1951; 1952a, b; 1960: 
Nixon, 1961). The low energy of these units restricted 
their application to the study of insects and thin 
biological samples (Cosslett & Nixon, 1960). Wider 
application of the microfocus X-ray units followed the 
modifications introduced by Ely (1980). These included 
the isolation of the electron gun from its outer casing and 
the replacement of the foil transmission by a solid 
cylindrical target (Ely, 1960; 1980). 

These modifications were incorporated in not only the 
electromagnetic but also an electrostatically focused X- 
ray unit known as E12. In the latter, the electron beam is 
focused by a shaped bias cup onto the side of the solid 
target (Sharpe, 1979; Parish. 1986). The normal 
operational range is 30-80 kV, with a maximum tube 
current of 0.5 mA at 80 kV and 1.0 mA at 50 kV or less. 
The effective focal spot size was 10-20 um. These units 
were most successfully applied in industry for both 
investigation and quality control (Sharpe & Parish, 
1980). One such unit was placed at the Orthopaedic 
Centre, Oswestry, where its application to patient 


investigation was severely restricted by the low tube 
current. 

The introduction of the same modifications to the 
electromagnetically focused units ultimately resulted in 4 
two-cotled electromagnetically focused unit with an 
operating range of 20-60 kV (Buckland-Wright, 1980a). 
The maximum tube current was i0 mA at 60 kV with an 
effective focal spot of 6-8 pm. The electromagnetic lenses 
overcame the difficulties in retaining the very small X-ray 
source with the increased accelerating voltage and beam 
current. 

The low power, characteristic of microfocus X-ray 
units, would have restricted their application to the study 
of human and animal post-mortem material, had it not 
been for the parallel development in the rare-earth fim- 
screen combinations. Although these systems are 
inherently noisy, the advantages of projection 
magnification of x3 or more has been found to 
overcome this limitation (Doi & Imhoff, 1977). Using 
3M’s Trimax T16 and T8 screens and XD film, studies 
have been carried out successfully on the examination of 
the wrist and hands of patients with rheumatoid and 
osteoarthritis using the electromagnetically focused 
microfocal unit at 60 kV, I mA with exposures of <iis 
(Buckland- Wright, 1983a, b; 1984; Buckland-Wright et 
al, 1987a, b). 

The high magnification and spatial resolution 
obtained with x5 macroradiographs of the wrist and 
hand permitted the early detection of bony lesions in the 
joints, as well as their alteration in size within as short an 
interval as 3 months (Buckland- Wright, 1983a). The low 
output of this X-ray unit (XM 60G) restricted its 
application to the study of small joints such as found in 
the wrist and hand. This paper describes the recent 
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Figure I. Schematic diagram of the microfocal X-ray unit 
HF200M illustrating the arrangement of the cathode, 
electromagnetic lens and target assembly. 


advances in microfocal radiography permitting the 
routine examination of large joints at magnifications of 
up to x 18, The advance has been possible through the 
development and manufacture of a new type of 
microfocal X-ray tube (HF200M) combined with the 
advances in the performance of rare-earth film~screen 
systems. 


The new microfocal X-ray unit 
HF200M 

The HF200M was designed by Harwell and Oxford 
Applied Research Ltd and manufactured by Pantak Ltd 
(now Astrophysics Research Ltd). Although the design 
specifications were for an instrument for industrial use, 
modifications were incorporated, in collaboration with 
the author. for medical use. The result is a compact 
system for high-definition radiography over the range 
20-170 kV, Oi mA (measured at the target) with a 
maximum output of 75-80W (Fig. 1). For medical 
applications the maximum accelerating voltage is set to 
125 kVp. The combination of autofocus and the absence 
of mechanical adjustments renders the tube particularly 
easy to operate. A small ion pump maintains the 
requisite operating vacuum (10 Torr) thus avoiding use 
of auxillary pumping units characteristic of earlier 
microfocus units (Ely, 1980). 

The design of the electron gun incorporates a 
lanthanum hexaboride (LaB,) cathode (Mulvey & 
Newman, 1975; Rockett & Parish, 1985; Parish, 1986). 
The greater electron emissivity of this cathode reduces 
the exposure of the cathode surface to the extraction field 
and the lower operating temperature greatly improves 
the mechanical stability. Because of the small virtual 
source, a single electromagnetic lens was considered 
sufficient to meet the specified focal conditions. The 
extended pole shape of the lens (Mulvey & Newman, 
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Table 1. Output measurements at different kVp for the 
microfocus tube HF200M compared with a three-phase 0.6 mm 
focal-spot conventional tube (Siemens, Megalix with Polydoras 
generator). Measurements were carried out at an FOD of 75cm 
with an MDH 1015 ionization chamber and 2.4 mm AI filtration 


a AINAANI AE NAABER: 


kVp Output (#Gy/mAs) 
Microfocus Siemens Difference 
HF200M Megalix 
60 187.0 $2.2 x35 
70 245.3 72.2 x34 
80 297.5 98.3 x 3.0 
90 389.8 119.2 x 3.3 
100 475.9 151.4 x31 
119 519.4 171.4 x 3.0 


1975: Rockett & Parish, 1985; Parish, 1986) means that 
the focus occurs well clear of the lens face thus increasing 
the usable X-ray beam solid angle. The tungsten target or 
anti-cathode is stationary and oil cooled. The results of 
tests on the pre-production unit revealed that the 
electron beam eventually pitted the target surface and 
subsequent units have been fitted with a multifaceted 
anti-cathode. The first 1000-spot target unit was placed 
at this hospital. It has been estimated by Pantak Ltd that 
each spot would last 10 W hours. In practice it has been 
found that the spot life is between 20 and 25 W hours. 
Deterioration of the condition of the target is noted by 
both a drop in output and a loss in focus quality. In 
general a new focus position is selected at the start of 
each day. 

The output characteristics of the tube, measured with 
an ionization chamber (MDH 1015), were compared 
with that of a three-phase 0.6mm focal spot 
conventional tube (Megalix, Siemens) (Table I). The 
microfocal unit was found to have an output between 
x 3.0 and = 3.5 greater than the conventional unit over 
the range 60-110 kVp. The greater emissivity of the 
microfocal tube is due to a number of factors, including 
the efficiency of the electromagnetic lens in delivering the 
electron beam to the target, the different methods in 
which the tube current is measured (at the target in the 
HF200M and at the filament in the conventional unit), 
and the highly polished surface of the target in the 
microfocal tube. 

The selection and maintenance of the optimal, ie. 
smallest, focal spot is essential for achieving high 
magnification and spatial resolution in the 
macroradiographs. Accurate focusing of the X-ray tube 
is initially obtained by altering the lens control so as to 
obtain a sharp image of fine-wire meshes (400 and 300 
lines cm~') placed at the tube window. The shadow 
image of the meshes are detected using a TV camera with 
a phosphor-coated fibre-optic-faced  vidicon tube 
(Buckland-Wright, 1976; 1977). Figure 2 is a photograph 
of these meshes recorded on fine-grain X-ray film. 

Once the optimum lens control position has been 
selected no further adjustment is required in view of the 
autofocus facility. The sizes of the fine meshes recorded 
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determined the dimensions of the smallest objects 
detectable by the X-ray apparatus and, in consequence, 
are an expression of the X-ray source size (Cosslett, 
1957). At energy levels of 14-49 W (ie. 20-70kV at 
0.7 mA) and 50-77 W (i.e. 80-110kV at 0.7mA) the 
diameter of the objects recorded ranged from 6 to 10 um 
and from 12 to 20 um, respectively. The high-resolution 
performance of the HF200M X-ray tube is thus similar 
to previous microfocal tubes designed by Ely (Ely, 1980; 
Buckland-Wright, 1980a). 

The arrangement of the X-ray tube, control panel and 
unit is illustrated in Fig. 3. The tube is housed in lead 
casing and mounted on a column fixed to the floor to 
avoid any mechanical vibration to the tube head. The 
tube is placed at one end of the room to provide a 
horizontal X-ray beam (1m above the floor) with 
sufficient source-to-film distance to permit the 
preparation of large magnification radiographs. A 
shutter, filter and collimator unit is mounted in front of 
the X-ray port. It is designed to be as narrow as possible 
so as to permit the object to be brought close to the 
source. This enables a large projection magnification to 
be achieved within both a short focus—film distance 
(FFD) and exposure time. A motor-driven shutter 
provides controlled exposures in 0.1 s incremental steps. 
In general, exposure duration is within | s for most parts 
of the body examined. The operation of the shutter 
separate from the X-ray tube permits the tube's 
autofocus to track and focus the electron beam prior to 
exposure of the film. This ensures that the image 
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Figure 2. (a) 300 and (b) 400 lines cm ' 
resolution meshes recorded on fine- 
grained industrial film (Cronex NDTSS, 
Dupont) with the X-ray unit operating at 
70 kV, 0.7 mA. The width of the bars are 
clearly defined as 12 and 6 um diameter, 
respectively. Magnification of (a) x 50 and 
(b) x 57. 


resolution is not lost through unfocused X rays at the 
commencement of the exposure. In front of the shutter, 
the filter carrier comprises a series of ports or windows 
for a number of filters: 2.4mm aluminium filtration is 
normally used. Alternative filtration can be selected by 
sliding the filter carrier horizontally. The X-ray beam is 
finally defined by a series of lead apertures. These are of 
different dimensions providing collimation of the X-ray 
beam for the different sized X-ray plates at various 
distances from the source. 


Patient table 

As the X-ray source is fixed at a height of | m from the 
floor, patients are moved relative to the source both for 
positioning and for taking stereopair radiographs. The 
patient table, designed by the author and made in 
collaboration with Ciba Geigy and Fraser Nash Ltd, is 
illustrated in Figs3 and 4. The table displaces the 
patient, relative to the source, in three planes. Vertical 
displacement is obtained through the hydraulics of the 
platform. Movement in the two horizontal planes is 
achieved by a guided wheel and track arrangement. 
Millimetre scales along the axes of movement permit the 
position of the patient on the platform to be recorded. 
The displacement required for the preparation of 
stereopair radiographs can be measured. Positioning of 
the patient relative to the centre of the X-ray beam is 
achieved with a cross-optic laser (Varian TM) mounted 
in front of the image intensifier (Fig. 4) with the light 
beam directed along the central axis of the X-ray beam 
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Figure 3. Photograph and schematic diagram showing the general arrangement of the equipment: (a) control panel, (b) X-ray tube, 
(c) patient table and (d) position of the film cassette in front of the image intensifier and camera assembly, 


towards the X-ray port hole. When required, precise 
positioning of the area of interest is obtained by 
screening. 

The image intensifier and camera system are mounted 
on a track. A motor drive allows the intensifier-to-object 
distance to be altered during screening, in order to select 
the required magnification with the FFD lying between | 
and 3m. Restraining straps or foam wedges are applied 
to the patient to restrict movement during the X-ray 
procedure as the slightest patient movement is increased 
by the magnification factor when recorded on the film. 
For this reason the patient is brought close to the source, 
focus-object distance (FOD) between 20 and 30cm, to 


b 


achieve as short an exposure time for the required 
magnification as possible. The arrangement for taking 
radiographs of the wrist and hand, knee, hip, a modified 
tunnel view and knee arthrogram are shown in Figs 4 
and 5. 


Film-screen combinations 

The selection of the fast rare-earth film—screen 
combinations required to obtain exposures of | s or less 
in the examination of large joints was obtained from an 
evaluation of 14 different combinations of commercially 
available film—screen systems (Table II). Plastic-faced 





Figure 4. (a) Using the cross-optic laser to position the part of the patient to be examined in the centre of the X-ray beam. (b) The 
position of the laser in front of the image intensifier. Prior to making an exposure, the laser is dropped out of view. The postero- 
anterior view of the knee is preferred as in the antero-posterior position the patella is enlarged and overlies most of the tibio-femoral 


joint 
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cassettes were used to obtain shorter exposure times. The 
X-ray tube was operated at 60 kV, 1 mA with the cassette 
at an FFD of 150 cm. All exposed film was processed in a 
90s automatic processor. The exposure times were 
recorded for each film with an optical density of | above 
fogging. The speeds of the different systems were 
expressed in increments of mAs relative to the fastest 


Vol. 62, No. 735 


Figure 5. Positions required for the radiographic examination of 
(a) wrist and hand joints, (b) hip joints, (c) modified tunnel view 
of the knee and (d) knee arthrography of the lateral tibio- 
femoral compartments. 


system, which was chosen as unity (Table I). The 
systems were ranked in order of their relative speeds. 
The spatial resolution of the fastest film-screen system 
(Table I) when used with the microfocal X-ray unit was 
evaluated using test grids ranging from 12 lines cm`' (bar 
width 270 um) to 200 lines cm~! (bar width 25 um). The 
cassette was placed at an FFD of 150cm and the FOD 
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Table I. Relative speeds in mAs of different film-—screen systems 
tested to determine the fastest commercially available system. 
The reference to metal or plastic cassettes refers to the nature of 
the cassette's face plate 


halon nb Hc RN hata) ll PRP Hr MPU eR A AA 


Cassette Screen Film Relative 
mAs 
Hford Protex, High definition Rapid R 70.0 
metal 
Trimax, metal ¥F8 XUD HL2 
Trimax, metal TS XD 8.0) 
Tronax, metal T16 (front & XD 2 
back) 
Dupont, metal Quanta IHI 3M.L 4.2 
Trimax, plastic T16 (front & XD 25 
back} 
Trimax, plastic  T16 (front & 3M.L 25 
back) 
Kodak, plastic Super Rapid S4 25 
Agla Gevaert, MR&800 RPI 25 
plastic 
Kodak. plastic Super Rapid X524 1.7 
Agta Gevaert, MR800 3M.XM 1.7 
plastic 
Trimax, plastic Siemens, Titan Kodak X524 1.7 
Trimax, plastic Siemens, Pitan 3M.XM 1.7 
Trimax, plastic  TI6 (front & XM 1.0 


back} 





was altered to provide a range of magnifications at a 
constant exposure. These results were compared with the 
film-—screen combinations already in use with the 
microfocal X-ray units (Buckland-Wright, 1984), ie. 
Trimax T8 and T16 screens (T16=T1i2 USA coding) 
with XD film in metal-faced cassettes (3M UK), and with 
the spatial resolution obtained using mammography film 
{Kodak Min R in a vacupak) in combination with a 
small source (0.3mm) X-ray tube (Orbix, Elema- 
Schonander, Sweden) operating at 60 kV. 

The results of the tests showed that the Trimax T16 
front and back screens, XM film in a plastic cassette 
(Table ID, had a spatial resolution not significantly 
different from that obtained for the finer-grained film— 
screen systems of T8 and T16 with XD film. The smallest 
object detected by the double T16 screens and XM films 
were 40 and 30pm diameter at x5 and x10 
magnification, respectively. Compared with the results 
using mammography film, the rare-earth film-screen 
systems and microfocal X-ray unit were better by a 
factor of 2. The smallest object detected in the 
mammography film when examined with a x 10 optical 
lens was 70 am diameter. Furthermore, secondary X-ray 
scatter was present in the latter, whereas the air gap 
present in microfocal radiography improved the contrast 
in the macroradiographs. 


Stereoscopy and measurement 

One of the advantages of the point source in 
microfocal radiography is that all planes of the object in 
the film are in focus (Ely, 1972; Buckland-Wright, 
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1980a, b). Three-dimensional assessment of the radio- 
graphic features under investigation is possible through 
the preparation of stereopair radiographs. Either the 
whole or a part of the patient is displaced between 
successive exposures by up to 10 mm, The displacement 
is either vertical or horizontal depending on the region 
examined. The stereo-macroradiographs are examined 
under a large Format Stereoscope (Ross Instruments, 
UK). The increased visual information provided by 
stereopsis considerably improves the identification of 
lesions, their extent and position, either within the tissue 
or organ or relative to surrounding structures 
(Buckland-Wright, 1980b; 1983a, b). 

The large magnification and high spatial resolution 
within the macroradiographs permit the direct 
measurement of the incidence and the change in the size 
of radiographic features associated with either the 
progression of a disease or its response to treatment. 
These features can be quantified using the computerized 
image analyser attached to the stereoscope (Buckland- 
Wright, 1983a; Buckland-Wright et al, 1986). This 
equipment is designed to provide quantitative evaluation 
of the change in the number or size of radiographic 
features between subsequent macroradiographic 
examinations. It has been shown to have a high degree of 
accuracy in quantifying disease progression (Buckland- 
Wright et al, 1986). 


Discussion 

The new microfocal X-ray unit (HF200M) 
incorporates a number of major advances in point- 
source X-ray technology. These include improvements in 
the design of the electron gun incorporating a lanthanum 
hexaboride (LaB,) cathode, a single electromagnetic lens 
with automatic focus tracking and multifacet (1000 spot) 
stationary tungsten target. The result is a compact tube 
for high-definition radiography operating over the range 
20-125 kV, 0-1 mA with a maximum output of 75-80 W. 
The X-ray source size of the unit at outputs up to 49 W is 
comparable to that of the existing lower-energy 
microfocal units in resolving objects as small as 6-8 um 
(Buckland-Wright, 1980a). With increased output of 50- 
77 W. the HF200M focal spot size increases permitting 
the detection of objects as small as 12-20 um diameter. 

The X-ray tube is floor mounted with the beam 
directed horizontally along the room. The patient table is 
designed to move the patient relative to the X-ray source 
both for positioning and for taking stereopair macro- 
radiographs. Where necessary, movement by the patient 
is restricted through the use of foam wedges or 
restraining straps. The precise positioning of the part of 
the body to be examined within the centre of the X-ray 
beam is achieved using a cross-optic laser and where 
necessary by screening with an image-intensifier 
assembly. 

The examination of patients using microfocal 
radiography is possible through a combination of two 
factors: the output characteristics of the microfocal tube 
and the use of rare-earth film—screen combinations. The 
X-ray emissivity of the tube appears to be between x3 
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and 3.5 greater than a conventional tube (Table I). 
This is probably due to a number of factors including the 
highly focused electron beam, measurement of the tube 
current at the target as opposed to the filament, and the 
superior surface finish to the target material. Of the 
range of film~screen combinations tested (Table If), the 
fastest (Trimax 16 front and back screens, with XM film 
in a plastic-faced cassette) had a relative speed some 70 
times faster than that of a calcium tungstate system 
(Hford high-definition screens with Rapid R film in a 
metal-faced cassette). Projection magnifications of x 3 
and above overcame the limitation of the large signal-to- 
noise ratio inherent in the fast film—screen combinations 
(Doi & Imhof, 1977). The object resolution within the 
film was found to be 40 to 30 um at magnifications of x 5 
and x10. The object resolution in these systems was 
found to be two times better than that obtained using a 
x10 optical lens on test grids recorded on 
mammography film using a 0.3mm focal-spot X-ray 
unit. 

The following are characteristic of point-source 
projection radiology and these advantages contribute 
towards the greater spatial resolution: minimal 
penumbral blurring (Cosslett & Nixon, 1960), reduced 
secondary X-ray scatter because of the air gap effect and 
enhanced object resolution because of the longitudinal 
magnification (Doi & Rossman, 1975). The preparation 
of stereopair macroradiographs is achieved by the 
displacement of the patient between successive 
exposures. A perspective as in normal vision is achieved 
when the stereopair are examined under a stereoscope. 
This is due to the geometrical magnification within the 
object which occurs when an object is placed close to a 
point source. Stereoscopy facilitates the identification 
and determination of the position of lesions within the 
part of the body examined. 

The distinctive advantage of microfocal radiography is 
in providing macroradiographs from which it is possible 
to make accurate measurements (Buckland-Wright, 
1980a; Buckland-Wright et al, 1986). This provides a 
method of quantifying the frequency and dimension of 
radiographic features characteristic of a disease 
(Buckland-Wright et al, f987a) and also determining 
their alteration with disease (Buckland-Wright et al, 
1987b; 1989) and their response to therapy. By obtaining 
radiographic images of changes in tissues at a level 
approximating to that of histology, greater information 
is obtained of the disease process as well as the 


mechanisms of tissue response to therapeutic 
intervention. 
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Abstract. Recent advances in technology have lead to the development of a high-definition microfocal X-ray unit allowing 


macroradiographic examination of different parts of the body a 
applications in the study of a number of arthritides, metabolic an 


of diagnostic features. Emphasis is placed on the advantages of 
evaluation of disease progression and response to therapy. 


Magnification techniques in bone radiography have been 
applied using x2 magnification in conjunction with a 
0.3 mm focal spot by Calenoff and Norfray (1973) and 
Genant et al (1975), who found the images to be either 
inferior or similar to contact exposures. Direct 
radiographic magnification, using microfocus tubes with 
an estimated 50m focal-spot size, has been well 
described (Genant et al, 1975: Takahashi & Sakuma, 
1975), and it has been shown that the advantages of 
direct magnification are increased resolution, decrease in 
noise and the improved visual effect of image 
enlargement. The inherent air-gap of magnification 
reduces scatter without impeding the primary beam. 
Direct magnification is superior to conventional contact 
radiography with respect to the overall image quality 
(Genant et al, 1977). The magnifications used ranged 
between x3 and x4 and at most x6 (Ishigaki, 1973: 
Genant et al, 1975, 1977: Takahashi & Sakuma, 1975). 
The images obtained with thick objects was found to be 
superior to other methods (Genant et al, 1975; Doi et al, 
1976). Takahashi and Sakuma (1975) concluded that 
“the merit of magnification radiography lay in its ability 
to reveal new findings based on the minute X-ray images 
which can not be seen by normal roentgenography™. In 
many instances, the magnification achieved by these 
investigators was not sufficient to have fulfilled these 
expectations entirely. The advantages of magnification 
radiography stated above depend on the smallness of the 
point source of X rays. With very small X-ray sources 
(<20 um) the larger magnification (from <5 to x 10) 
resolves very small details permitting the identification of 
features virtually at the histological level. This paper 
demonstrates the advantages of higher magnification 
obtained with the microfocal X-ray unit (HF200M) 
(Rockett & Parish, 1985; Parish, 1986: Buckland-Wright, 
1989). This unit has an estimated source size 
(corresponding to the diameter of the smallest clearly 
detectable object) of 6-20 um over an output range of 
14-77 W 
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t x5 to x 10 magnification and with a high spatial resolution, Its 
d some other bone diseases are described in terms of early detection 
direct accurate measurement of these features, providing a precise 


40 um) to 200 lines cm~! (or an object diameter of 25 um) 
at magnifications of x Sto x 10, respectively (Buckland- 
Wright, 1989). 

Stereopair macroradiographs are prepared and 
examined under a large format stereoscope (Buckland- 
Wright, 1980, 1983a, 1989). Stereopsis helps 
considerably in the identification and location of features 
within the object and the large magnification and high 
spatial resolution enables accurate direct measurement 
of the radiographic features (Buckland-Wright, 1980, 
1983a. 1989). The application of the technique in the 
quantitative evaluation of disease progression in the 
arthritides is outlined. 


Methods 

The radiographic magnifications ranged from x5 to 
x 10. Exposures at x 15 have been taken but in these 
circumstances patient movement became more of a 
problem. The positioning of the patient and the 
preparation of the steropair macroradiographs have 
been previously described (Buckland-Wright, 1989). A 
large film format (35cm x 42 cm) was used and the size 
of the part of the body recorded in the macroradiograph 
corresponded to approximately one-fifth to one-tenth of 
that normally recorded on the standard radiographic 
exposure. It is necessary to emphasize that the 
illustrations reproduced here are taken from part of the 
macroradiograph (Fig.1). The different rare-earth 
screen-film systems used and their exposures for the 
different regions examined are listed in Table I. All films 
were processed in a 90s automatic processor. The 
radiation dose to the skin was calculated for the different 
exposures and also appears in Table I. 


Results 
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The manufacturers indicate that it is possible to increase 
the beam current, the consequence of which would be an 
increased rate of target pitting leading to a shorter target 
spot life. This can be overcome by selecting a new target 
facet within a shorter number of exposures than at 
present 

Preliminary dosimetry indicates that the better image 


quality of the macroradiographs is at the expense of 


slightly increased radiation exposure to the patient 
(Table 1). Comparison with conventional techniques 
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Figure 1. (a) Conventional radiograph of a patient's hand with 
early rheumatoid arthritis enlarged to the same magnification as 
the macroradiograph and performed at the same time. (b) Part 
ofa x 5 macroradiograph of the entire wrist of the same patient 
shown much reduced in (c). The lesions visible in (b) are not 
readily seen in (a). (a) Original magnification x 1, reproduced at 
« 2.5: (b) original magnification x 5, reproduced at x 2.5 


indicates that skin dose using microfocal techniques for 
the hand and knee are between 3 and 5 times greater, and 
for the shoulder and hip between | and 2.5 times greater. 
However, it must be emphasized that with magnification 
the well collimated field size is reduced to approximately 
one-fifth (for hand and knee) and to one-tenth (for 
shoulder and hip) of that of the conventional technique. 
Thus. the skin doses with the conventional and 
microfocal techniques are comparable in terms of total- 
body radiation exposure. For the thicker regions the 


The British Journal of Radiology, March 1989 


Clinical applications of high-definition radiography 


Table I. List of the different regions of the body examined to date with the different settings for the microfocal unit, the film and 
patient distances, the magnification and film-screen combinations used. The skin dose was calculated from air kerma without a 


backscatter factor and for 2.4mm AI filtration 


—_—_—_—_—_—S eee 


Region kV mA Time FOD FFD Magnification Screen Film Skin dose 
($) (cm) (cm) (3M UK) (mGy) 
Wrist 60 0.9 0.9 T16 XDA 1,2 
MCP 60 0.9 0.9 27 135 x5 T8/16 XDA 1.2 
IP 60 0.7 0.9 T8 XDA 0.9 
Scaphoid 60 0.9 0.9 17 135 xg T6 XDA 2.6 
Knee 
Post ant 70 0.9 1.0 25 125 x 5 T16” XM 1.9 
Lateral 70 0.9 1.0 25 125 x 5 T16 XM 1.9 
Tunnel 72 0.9 1.0 20 125 x 6.25 T16 XM 3.5 
Arthogram 73 0.9 1.0 15 150 x 10 T16 XM 6.4 
73 0.9 1.0 20 150 x 7.5 T16 XM 3.6 
Elbow 63 0.95 1.0 23 128 x 5.5 T16 XDA 2.3 
Shoulder 70 0.9 1.0 24 140 x7 T16 XM 3,0 
Hip 115 0.66 2.5 20 125 x 5 TI6 XM 8.6 
Chest 
Lung fields 60 0.7 1.0 20 140 x7 T16 XM a3 
Skull’ 
Pituitary fossa 85 0.85 1.4 23 s x § TI6 XM 4.8 
Modified Stenvers 85 0.85 1.5 23 5 x § T16 XM $,) 


“These systems had both front and back T16 screens in plastic-faced cassettes. 


‘Figures obtained from a skull phantom. 


total-body radiation exposure is lower in the 
macroradiographs relative to the conventional 
techniques. However, the radiation exposure is doubled 
where stereopair radiographs are prepared and is again 
further increased where fluoroscopy is required for 
positioning the thick regions of the body. Although there 
is an increase in the skin dose to the patient during this 
procedure, the advantage is that it prevents repeat 
exposures caused by bad positioning. 





(a) 


Clinical studies 

The results of the clinical assessments are described 
below. The cases largely concern patients with arthritic 
and metabolic disorders. 


Rheumatoid arthritis. Microfocal radiography enables 
the detection of small, early lesions which are not always 
visible in conventional radiographs (Fig.2). These 
include regions of juxta-articular radiolucency (JAR) 





Figure 2. (a) Part of a macroradiograph of the wrist of a patient with early rheumatoid arthritis. The juxta-articular radiolucency 
(JAR) at the distal end of the volar surface of the radius has increased in size 21 months later (b). to form a clearly defined erosive 
cavity with loss of cortex. Breaks in the cortex associated with JAR formation are seen at the ulnar margin of the lunate in (b). Other 
changes include erosions at the ulnar margin of the scaphoid, the distal end of the ulna and joint space narrowing. Original 


magnification * 5, reproduced at x 2.5. 
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Figure 3. Graph of the change, over an 18-month period, in the 
mean total crosion number (— — —) and mean total erosion 
area ( j in the wrist and hands of a group of patients with 
early to moderately advanced rheumatoid arthritis. Erosion 
area continues to increase after erosion number progression has 
ceased (reproduced by permission from Buckland-Wright et al 
(1989)) 


where the trabeculae are thin and of reduced density. The 
endosteal margin is clearly defined by relatively thicker 
trabeculae. Breaks in the cortex are small, narrow and 
occur subperiosteally becoming evident earliest in the 
bare areas of bone not covered by articular cartilage. 
Detection of cortical ruptures depends on their position 
relative to the X-ray beam and are not readily seen en 
face. Changes in the size of these lesions can be detected 
within a 3-month period (Buckland-Wright, 1983a, b, 
1984). Figure 2 illustrates the progression of the JARs 
into the characteristic rheumatoid erosions. In addition, 
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the appearance of JARs in the wrist and hand of affected 
patients has provided confirmation of the presence of an 
inflammatory arthropathy in patients with palindromic 
rheumatoid disease and, contrary to published reports 
(Beighton et al, 1983), macroradiography has 
demonstrated the presence of small erosions in patients 
with hypermobility syndrome. 

Measurement of the number and size of erosions in the 
rheumatoid wrist and hand has shown where these 
features occur most frequently and at which sites the 
lesions are largest (Buckland-Wright & Walker, 1987). 
The size of erosions was found to correspond to the size 
of the bones. The most frequent sites were the 
radiocarpal, medial carpo-metacarpal and the second 
and third metacarpophalangeal joints. 

The number and size of rheumatoid lesions can be 
measured directly and accurately (Buckland-Wright et 
al. 1986). The changes in the total number and area of 
erosions in a group of patients with early to moderately 
advanced rheumatoid disease is shown in Fig. 3. The 
mean total erosion number reached a constant of 75 
erosions for each wrist and hand by the third X-ray visit, 
corresponding to a mean disease duration, for the group 
of patients, of 48 months from onset of symptoms. This 
constant of 75 erosions was due to a combination of 
patients, the majority of whom showed no change in 
erosion number; the rest were approximately evenly 
distributed between those showing an increase and those 
showing a decrease in erosion number (Fig. 4) 
(Buckland-Wright et al, 1989). By contrast, mean total 
erosion area continued to increase significantly. The 
change in erosion area better expressed the disease 
progression in rheumatoid arthritis than number alone. 
Erosion repair in rheumatoid patients took two forms, 
depending on the extent of bone destruction. Where this 
had been extensive a sclerotic margin formed around the 
erosion (Fig. 4, scaphoid). With less damage, there was 
either a reformation of the decalcified matrix at either the 
endosteal or cortical margins (Fig. 4, ulna and lunate), or 
both types of repair occurred together (Fig. 4, radius). 





‘igure 4. Part of a macroradiograph of the wrist of a patient with moderately advanced rheumatoid arthritis taken 7 months apart 
illustrating the repair to both erosions (radius and scaphoid) and their precursors, the juxta-articular radiolucencies (ulna and 
junate). Original magnification * 5, reproduced at x 2.5. 
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Osteoarthritis. Features associated with this disease 
are well shown with conventional radiography. 
However, high-definition microfocal radiography reveals 
detail of changes more familiar to the histopathologist. 
Early changes, such as the advance of the edge of 
mineralized cartilage into the existing articular cartilage, 
are recorded in the small joints of the hand (Fig. 5), 
having been described previously in large joints only 
(Bullough et al, 1968; Lane et al, 1977; Duncan, 1983). 
This mineralization remains within the confines of the 
normal cartilage thickness and, radiographically, such 
encroachment produces joint space narrowing. Juxta- 
articular radiolucencies at the joint margins (Fig. 6) were 
recorded in the wrist and hand of all patients examined 
with generalized nodal osteoarthritis (GOA). In position 
and general appearance the JARs were similar to the 
early rheumatoid lesions. They differed in that they were 
smaller and the surrounding bone was less osteopenic. 
Their presence confirms the existence of low-grade 
inflammatory episodes associated with this disease 
(Swanson & Swanson, 1985). 

Radiographic assessment of disease progression in 
GOA of the hand is not studied longitudinally as it ts 
extremely slow using standard radiographic methods. 
However, precise measurements’ taken from 
macroradiographs of the joint space width (interbone 
distance) and subchondral cortical thickness showed 
significant change in their dimensions within a period of 
12 months. By 18 months the pattern of disease 
progression was clearly defined (Buckland-Wright et al, 
1987a,b) and showed that subchondral sclerosis 
| appeared prior to the destruction of articular cartilage as 
Figure 5. Part of a _macroradiograph of the meta- measured by the joint space narrowing. 
carpophalangeal joints of a patient with generalized nodal 
osteoarthritis showing the advance of the mineralized cartilage Sasol the: decenerative ch on Gi coli eases: Gn hs 
into the existing articular cartilage, contributing to the ‘acai of une GEREN ratne CRORES Ie MIOR: TP inis 
narrowing of the joint space. Original magnification x 5, study particular attention is paid to determining the 
reproduced at x 2.5. alteration in articular cartilage thickness from accurate 








Figure 6. Part of a macroradiograph of (a) the metacarpophalangeal and (b) proximal interphalangeal joints of patients with 
generalized nodal osteoarthritis showing the juxta-articular radiolucencies and the cortical breaks at the “bare area” of the bone 
connecting the lesions with the joint space. Original magnification x 5, reproduced at x 2.5 
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Figure 7. Part of a double-contrast macro-arthrogram of the 
tibio-femoral compartment of a knee with early 
There is increased imbibition of the contrast 
agent into the areas of damaged cartilage of the femur, tibia and 
meniscus. The grid is used to assess the degree of magnification. 
Original magnification x 7, reproduced at x 3.5 


medial 
osteoarthritis 


measurements of the joint space width (interbone 
distance). In addition, the use of double-contrast 
arthrography has revealed sites of damaged articular 
cartilage by the imbibition of contrast agent (Stoker, 
1980: Fujikawa, 1981) (Fig. 7). With hyaline cartilage 
destruction, the presence of fibrous tissue overlying the 
exposed bony surface of the femoral condyle can be 
readily seen (Fig. 8). Here the contrast agent has also 
penetrated into the subchondral bone through breaks in 
the cortex 


Pyrophosphate crystal deposition. Crystal deposition in 
joint tissue produces an inflammatory 
osteoarthritis (OA) (Gordon et al, 1984), leading to a far 
greater destruction of the bone than that present in joints 
with moderate OA (Figs 9, 10). Large subchondral cysts 
communicate with the joint space via breaks in the 
subchondral cortex. The collapse of the distal end of the 
third metacarpal has led to its shortening and crystals 





form of 
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Figure 9. Part of a macroradiograph of the meta- 
carpophalangeal joints of a patient with generalized nodal 
osteoarthritis showing crystal deposition in the third MCP joint 
compared with the more typical changes associated with 
osteoarthritis in the second MCP jointly. Original magnification 
x 5, reproduced at x 2.5 


outline the articular margins (Fig. 9). In the radio-carpal 
and radio-ulnar joints there is marked disorganization of 
the trabeculae associated with the formation of a number 
of small erosions (Fig. 10). The extent of the articular 


Figure 8. Part of a double-contrast macro- 
arthrogram of the medial tibio-femoral 
compartment of a patient with advanced 
osteoarthritis. The contrast agent 
highlights the fibrous tissue overlying the 
remaining articular cartilage, close to the 
femoral notch and the exposed bony 
femoral surface. The penetration of the 
contrast agent into the subchondral bone 
is associated with the loss of cortex. The 
medial meniscus is badly damaged. Patient 
motion has resulted in image 
sharpness. Original magnification * 10, 
reproduced at * 5. 
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Figure 10. Part of a macroradiograph of the wrist of a patient 
with pyrophosphate crystal deposition in the radio-carpal and 
radio-ulnar joints. Note, in particular, the crystals filling the 
recessus sacciformis, Original magnification x 5, reproduced at 
“2.5 





Figure 11. Part of the macroradiograph of the wrist and 
interphalangeal joints of a patient with scleroderma, The 
calcium deposits in (a), the TIP joint, were seen by conventional 
radiography, whereas those in (b), the ulnar side of the wrist. 
were not. Original magnification x 5, reproduced at x 2.5 
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Figure 12. Part of the macroradiograph of the interphalangeal 
joints of a 10-year-old boy with renal osteodystrophy, The 
extent of subperiosteal! resorption in the middle phalanges and 
the degree of cortical stration both within the shafts and the 


cortex are clearly defined. Original magnification x5 


reproduced at x 2.5 


cartilage damage is shown by the degree of joint space 
narrowing, subchondral sclerosis and attrition. Crystals 
within the distal radio-ulnar joint (Fig. 10) define the 
extent of the joint capsule, j.e. the recessus sacciformis 
Macroradiography of OA patients has revealed, in a 
number of cases, low levels of crystal deposits within the 
joints. No inflammatory reaction was observed in these 
instances, which suggests that an inflammatory response 
may depend upon the concentration of the crystal 
exceeding a critical level. 


Scleroderma. The facility with which microfocal 
radiography detects small calcifications is illustrated in 
patients with scleroderma (Fig. 11) 


Hyperparathyroidism. With metabolic bone disease it 
is difficult to assess disease progression quantitatively by 
non-invasive methods. The problem is compounded in 
children, such as those with renal osteodystrophy, where 
the method of measurement has to be independent of 
growth (Wilson & Genant, 1979). In children with 
secondary hyperparathyroidism (Fig.1!2) cortical 
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striations, used by many investigators, are clearly shown, 
Subperiosteal erosions are well displayed (Fig. 12) and 
have been found to correspond well with the clinical 
disease. The extent of subperiosteal resorption along the 
phalangeal shafts has been measured and expressed as a 
percentage of the total subperiosteal length of the bone. 
Between successive visits, the change in the percentage 
length of subperiosteal resorption has been found to 
express the clinical progression of the disease. In those 
children who responded to treatment with oral 
phosphate binders, there was marked reduction in the 
extent of subperiosteal resorption. This method has the 
advantage of being independent of growth. The 
importance of changes at the ungual tufts as indications 
of early renal osteodystrophy (Eastwood et al, 1973; 
Parfitt, 1977; Sundaram et al, 1979) is supported by our 
observations on 18 children. However, contrary to 
Sundaram et al (1980), this feature was not found to be 
sensitive in the evaluation of disease progression. It 
showed no correspondence with either changes in the 
extent of subperiosteal erosion or clinical progression of 
the disease. The difference between our results and those 
of Sundaram et al (1980) may be due to differences in 
either the ages of the patients in the two studies or to type 
of treatment. 


Discussion 

The results of macroradiographic examination of the 
changes associated with the different diseases described 
here support the statements of Takahashi and Sakuma 
(1975) and Genant et al (1977) on the merit of the 
magnification technique revealing small, subtle changes 
of chnical importance. The difference between the results 
described here and those obtained by the earlier 
investigators is in the performance of the new microfocal 
X-ray unit. Here, the macroradiographs have a larger 
magnification and a higher spatial resolution, so that the 
detail recorded in the film approximates to that of 
features observed histologically. This advantage not only 
assists in diagnosis but also contributes to the 
understanding of the disease mechanism (Buckland- 
Wright, 1984). 

The suggestion that “‘magnification radiography 
should open up a new radiodiagnostic field and promote 
the establishment of much more accurate diagnosis” 
(Takahashi & Sakuma, 1975), underestimates the full 
potential of the technique. The significant advantage of 
taking direct accurate measurements of radiographic 
features provides indisputable evidence of the extent of 
the disease process (Buckland-Wright et al, 1986; 
Buckland-Wrght & Walker, 1987). In addition, the 
quantitative evaluation of disease progression obtained 
from serial macroradiographic examinations (Buckland- 
Wright et al, 1989) or the quantification of the response 
to therapeutic regimens (Buckland-Wright, unpublished 
findings) is far more precise than any method dependent 
on a system of scoring currently employed in 
conventional radiology. It is in this aspect of quantitative 
radiology that the magnification technique is proving to 
have an advantage over other radiographic techniques. 
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From the preliminary dosimetry measurements, it is 
apparent that the magnification technique results in 
relatively high skin dose, though total-body irradiation 
appears either similar or only slightly greater than 
conventional radiography. It is for this reason that 
magnification radiography, despite its slightly greater 
technical difficulty in positioning and the need for 
stereopairs, is recommended as a selective procedure. At 
present, miucrofocal radiography is proving to be 
important in the study of skeletal disease. Its application 
in other areas awaits investigation but preliminary work 
is currently being performed on the lung fields in patients 
with fibrosing alveolitis. 
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Abstract. Paediatric brachytherapy is rarely practised but has definite benefit in certain situations, Case reports illustrate the role of 
current brachytherapy strategies both as radical and salvage procedures and in the multidisciplinary management of childhood 


CAO. 


The major advantage of brachytherapy is the ability to 
deliver a high radiation dose locally and yet, taking 
advantage of the natural inverse square law fall-off 
characteristics, to reduce the dose to the adjacent 
structures. Nowhere in radiotherapy should this be more 
important than in paediatric treatments, where 
surrounding normal tissues are most susceptible to 
growth retardation and other sequelae. However, it 
appears from the published literature, with the exception 
of France (Gerbaulet et al, 1985), and except for plaque 
therapy of | retinoblastoma, that paediatric 
brachytherapy is practised relatively rarely. This is partly 
because of the extensive nature of many paediatric 
tumours and partly because of the current widespread 
availability of electron beam facilities, coupled with the 
relative lack of paediatric brachytherapy experience by 
radiotherapists. 

There are undoubtedly instances, however, where 
brachytherapy has an important role in paediatric 
oncology. Of the eight (non-cerebral) cases (three 
vaginal, three bladder, one orbital rhabdomyosarcoma 
and one carcinoma of tongue) so treated at these 
hospitals over the last 5 years, we have chosen to describe 
the treatments of four patients with different disease 
presentations. As will be discussed below the treatment 
strategies of modern paediatric brachytherapy often vary 
from the radical brachytherapy treatments of “times- 
gone-by”’, 


Case reports 
Case l 

This 34-year-old child presented with a 6-month 
history of intermittent vaginal discharge latterly streaked 
with blood. Just prior to medical referral, the mother 
noted a mass (described as a “bunch of grapes”) at the 
introitus. There were no other features in the history. 
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Examination under anaesthesia disclosed a polypoid, 
botryoid tumour confined to the vaginal walls. The 
histology disclosed the classical appearance of sarcoma 
botryoides; staging for systemic metastases was negative. 

Chemotherapy with pulsed vincristine and actino- 
mycin was commenced with good regression. At 8 
weeks from commencement of therapy, a laparotomy 
with repositioning of both ovaries to the upper abdomen 
was performed (Fig. 1). The vaginoscopy at this time 
showed excellent regression of the primary tumour and 
the laparotomy findings were normal. 

A !5mm diameter Perspex applicator (Fig. 2) was 
inserted into the vagina and afterloaded centrally with 
iridium wire (Ir). At a depth of 5mm from the 
applicator surface, a dose of 45 Gy over 4 days was 
prescribed. The relative dose distribution, seen 
superimposed upon the antero-posterior (AP) 
radiograph (Fig. 1}, shows the rapid dose gradient 
delivering a maximum mucosal contribution of 188% 
and yet less than 2% of the prescribed dose to the 
translocated ovaries. 

The child has returned to the adjuvant chemotherapy 
regime and remains well with no complications. 
Examination under anaesthesia at 6 months showed no 
vaginal lesion. 


Case 2 

This 14-year-old boy presented with a 2-month history 
of an enlarging lesion on the left side of his tongue. It had 
ulcerated and had become painful such that mastication 
was only possible on the right side of the mouth. There 
had been no bleeding. He had noted left-sided 
pharyngeal discomfort on swallowing and pain in the left 
ear. 

The patient had been previously fit with no relevant 
past medical history. On examination, he was a fit- 
looking boy with no abnormal signs outside the mouth; 
in particular, there was no palpable cervical 
lymphadenopathy. 

In the mouth there was obvious foetor. There was a 
craggy 4cm ulcer on the left side of the tongue extending 
up to at least the midline. Although there was no obvious 
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Figure 1. Case /. Plain abdominal radiograph to demonstrate 


the repositioned ovaries, marked by radio-opaque clips 
(arrows), and the normalized gradient from the 
intravaginal iridium-wire-loaded applicator 


dose 


induration palpable bimanually in the floor of the 
mouth, the patient was unable to “put out his tongue” 
Suggesting invasion as deep as the floor of mouth. The 
lesion was staged T,N,M,). The histology revealed 


squamous carcinoma. 


Figure 2. Vaginal applicator used in Case |. The left panel 
demonstrates the components and the right panel the assembled 
device. 
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The patient received two courses of intravenous cis- 
platinum and bleomycin, with an interval of 3 weeks 
between courses. The lesion regressed and the pain 
disappeared following this chemotherapy. 

The patient then received external-beam radiotherapy 
(parallel opposed, lateral, compensated, 6 MV X-ray 
portals to 43 Gy midpoint in 24 fractions over 31 days, 
the upper neck nodes receiving 40 Gy). Fifteen days 
elapsed between the last chemotherapy dose and the first 
radiotherapy fraction. There was good regression. 

Nineteen days following completion of external-beam 
radiotherapy an iridium wire (double plane/hairpins) 
implant was performed of the midline tongue region. The 
objective of this procedure was to boost the dose to the 
medial perimeter of the tumour. Hairpins (5 cm x 4cm) 
and a single pin (1 cm x 4cm) were implanted through 
the dorsal surface of the fixed tongue (Fig. 3). A dose of 
40 Gy was prescribed on the basal 85% isodose over 75 
hours. 

Following removal of the implant and regression of 
the radiation reaction, the patient proceeded to formal 
left hemiglossectomy. There was residual tumour on the 
lateral border but the resection margins were clear 

The patient remains disease-free at 3 years. 


Case 3 

This 5-year-old girl presented with a l-month history 
of progressive swelling of the right eyelid. She was a 
previously fit child and there were no abnormal signs 
outside the right orbit. There was proptosis and the eye 
was displaced downwards with limited elevation. Fundi 
and acuity were normal. Computed tomography (CT) of 
the orbit showed the presence of a large mass 
superomedial to the right globe, which was displaced 
forwards, downwards and laterally. The mass appeared 
to be within the muscle cone and was causing 
displacement of the optic nerve. A biopsy showed 








Figure 3. Case 2. Indium wire implant of the tongue is shown in 
the lateral radiograph. 
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Figure 4. Case 3 
grain implant of the posterior orbit 


Lateral skull radiograph showing the gold 


pleomorphic rhabdomyosarcoma Staging for 
metastases was negative. 
The child received four courses of combination 


chemotherapy (iphosphamide, vincristine, actinomycin) 
followed by orbital radiotherapy at another hospital 
closer to the child's home. Using a 6 MV wedged pair 
technique, a dose of 45 Gy was delivered in 25 fractions 
Adjuvant chemotherapy followed 
Four and a half months later the child 
represented with headaches and right proptosis 
Computed tomography showed a large intra- and 
extraconal mass. Chemotherapy (adriamycin, VP 16, cis- 
platinum) was reintroduced with no substantial response 
by 4 weeks. At this juncture, a radical orbital clearance 
was performed (Professor D. Harrison). At operation, 
there was no evidence of erosion of the floor of the orbit 
or the lamina paparacea of the ethmoid. The periosteum 
was, however, unusually attached in this region. There 
was macroscopic tumour at the orbital apex. The 
analysis disclosed tumour-free margins 
except posteromedially where the viable tumour had 
been transected 

At a later operative session, the orbital apex was 
implanted with six permanent gold grains (‘*Au) in a 
single plane of approximately |.5cm diameter (Fig. 4). 
The minimum dose delivered within this volume was 
50 Gy 


over 34 days 
radiotherapy 


histological 
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Figure 5. Case 4. Iridium wire afterloaded into a Foley urinary 


catheter with 
radiograph 


isodosimetry superimposed onto the pelvic 


The child remains disease-free at 28 months from the 
implant 


Case 4 

This 5-year-old boy presented with a short history of 
difficulty in micturition and haematuria. He was a 
previously fit child. Investigations disclosed an 
abdominal mass which ultrasound demonstrated to be 
11.0cm x 6.5cm x 6.5cm and within the bladder. A CT 
scan did not show any evidence of extravesical spread of 
this large bladder tumour. 

At cystoscopy the bladder was found to be full of 
tumour which was soft and frond-like with mucosal 
bubbles. The histology confirmed embryonal 
rhabdomyosarcoma. Other staging procedures were 
negative 

Combination chemotherapy (iphosphamide, vincris- 
line, acunomycin D) was commenced with good initial 


response. As was the policy on that protocol (now 
discontinued), no external-beam radiotherapy was 
advised. The follow-up cystoscopy at 7 months 


demonstrated tumour (biopsy positive) in and around 
the bladder base and urethra. External-beam 
radiotherapy was delivered (through parallel opposed, 
anterior and posterior 6 MV X-ray portals, a midpoint 
dose of 40 Gy was delivered in 23 fractions over 29 days). 
However, 7 months later the biopsy from the urethral 
bladder junction region was once again positive. 

Under general anaesthesia and using a modern 
radiotherapy simulator, an Ir wire was afterloaded into 
a 14-gauge urethral catheter and located in the correct 
position using fluoroscopic screening. A 4cm long active 
wire was used, leaving at least |I cm of active length 
protruding into the bladder. A dose of 40 Gy at 5mm 
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from the surface of the urethral catheter was delivered in 
3.5 days (Fig. 5). A suprapubic catheter maintained 
urinary drainage during this period. 

The child remains well with a negative cystoscopy at 6 
months. 


Discussion 

Classic radiation brachytherapy aims to produce a 
radical treatment of the tumour, unassisted by external- 
beam therapy. This was achieved in the case of vaginal 
rhabdomyosarcoma described here (Case 1). However, 
the case is worthy of further comment as the design of 
treatment was to cure with minimum morbidity. Two 
points should be emphasized which influenced 
management: first, botryoid rhabdomyosarcoma of the 
vagina is classically a localized disease of high curability; 
and second, the Intergroup Rhabdomyosarcoma Study 
results suggest strongly that for such “good risk cases”, 
the double drug combination of vincristine and 
actinomycin is comparable in activity to the triplet of 
these two drugs plus cyclophosphamide (with its 
sterilizing properties). Therefore ovarian function after 
therapy is possible if the ovarian radiation dose is 
minimized and cyclophosphamide omitted. The 
transposition of the ovaries to the upper abdomen may 
be performed owing to the derivation of the blood supply 
from the midabdominal aorta. The intravaginal 
brachytherapy then minimizes the dose to remaining 
pelvic organs and the hips. The sequelae envisaged for 
this child should be reduced to possible corpus uteri and 
vaginal maldevelopment. The technique of ovarian 
transposition is not new but had lost its relevance in this 
disease until the recent validated omission of 
cyclophosphamide became standard practice. The 
technique described here can therefore be recommended 
as an advance over previously described methods 
(Flamant et al, 1979; Hays et al, 1985). 

In the other three cases described here, brachytherapy 
was not the whole radiation treatment nor was it to the 
entire tumour volume. In one case (Case 2) 
brachytherapy was directed specifically to the tumour’s 
medial perimeter; it followed a moderate dose of 
external-beam radiation to the entire tongue and 
preceded a formal and pre-planned hemiglossectomy. It 
is worth stressing that with standard brachytherapy for 
carcinoma of the lateral border of the tongue, the aim is 
to implant the whole lesion and to give a radical dose. In 
our case, this 14-year-old boy had tumour to at least the 
midline, fixing the tongue to the floor of the month. 
Given the poor cure rate for a T, carcinoma of the 
tongue in young people (Fletcher, 1980), it was elected to 
give radiation prior to surgical resection. The late 
morbidity of surgery more extensive than 
hemiglossectomy is very severe, and so it was not 
desirable to excise beyond the midline of the tongue. As 
the tumour was known to extend beyond the midline at 
presentation, it was suggested (Professor G. Westbury) 
that the midline and adjacent contralateral tongue 
should be implanted. A double plane implant was 
effected with iridium hairpins as described. Given the 
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difficulty with multiple plane implants in the mouths of 
children, this treatment scheme was, we believe, 
particularly desirable and has effected cure with a useful 
tongue. Indeed, the facility with which this boy has 
adapted to his disability is remarkable; he speaks well 
with a slight lisp and eats normally. 

Cases 3 and 4 illustrate the usefulness of 
brachytherapy in the relapse situation. In the case of the 
orbital rhabdomyosarcoma, the original radical, 
wedged-pair, photon portal plan had already delivered 
near tolerance radiation dosage to the optic chiasm, 
hypothalamus and pituitary, and yet at the surgical 
orbital clearance there was disease at the resection 
margins posteromedially. Considering the absent media! 
wall of the orbit post-operatively, and the proximity of 
the cavernous sinus, the implant was not an initially 
attractive proposition. The implant that was achieved 
has effected cure with littl extra morbidity. Such 
radioactive seed or grain implant salvage therapy has 
been previously documented in this type of situation 
(Mameghan et al, 1985; Knight et al, 1986; Curran et al, 
1988). 

Bladder rhabdomyosarcoma (Case 4) is a recurring 
problem in that these tumours most commonly occur in 
the bladder base (such that partial cystectomy is not an 
option), and since the discovery of their good response to 
chemotherapy and radiotherapy, bladder conserving 
chemoradiation protocols are universally practised in the 
first instance (Hays et al, 1982a, b}. However, it is not 
uncommon for residual tumour to persist in the bladder 
base and it is now our policy that if this is proven at any 
of the follow-up cystoscopies, and there is no evidence of 
spread further afield, then a urethral intraluminal 
brachytherapy source is placed as described for Case 4. 
In the three similar cases so treated in the last 5 years at 
this centre we have not encountered late sequelae (in 
particular no urethral stenosis); this is in accordance with 
the observations of Middleton et al (1981). 

In conclusion, modern brachytherapy has a definite 
place in the salvage of patients relapsing locally after 
chemoradiation and is optimal treatment as either the 
primary radiation treatment (Case |) or the salvage 
radiation (Cases 3 and 4) where normal tissue radiation 
tolerance is critical. It also has a role as one part of 
primary multimodality radical treatment of occasional! 
tumours (Case 2). 
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Abstract. The case histories of four children with brain tumours, for whom stereotactic brachytherapy was indicated, are presented 
from the St Bartholomew’s Hospital intracranial brachytherapy programme. The recent evolution of the computed-tomography- 
directed stereotactic technique is described and the uses of different radionuclides (Au, Ir) are discussed. The future of 


brachytherapy for paediatric brain tumours is debated. 


Although attended by better survival results than adult 
brain tumours, the current management of many 
paediatric brain tumours is suboptimal. Radiotherapy 
maintains a cardinal role in therapy but the radiation 
tolerance of the paediatric nervous system often restricts 
the dose prescription for external-beam radiotherapy. 
There is great scope for brachytherapy in this situation, 
particularly as local failure is the cause of death in the 
vast majority of patients. In 1987, the paediatric brain 
tumour service of St Bartholomew’s Hospital 
commenced a stereotactic brain brachytherapy service. 
Four cases are presented to illustrate the scope and 
potential of the technique. Two different radionuclides 
and two stereotactic frame systems have been used in this 
programme and their differences, together with their 
relative advantages and disadvantages, are discussed. 


Materials and methods 

The philosophy at St Bartholomew’s Hospital has 
been to use as few source-holding catheters as possible 
but still to attempt to obtain an isodose pattern shaped 
to fit the treatment volume. This requires careful 
planning and for each patient a treatment strategy is 
prepared approximately | week before the implant takes 
place. Such a strategy has the advantage that it avoids 
the necessity for complicated calculations on the day of 
the implant. 

The radiation sources used were either Au grains or 
‘Ir wire. The choice of radionuclide was based on the 
particular treatment strategy to be adopted and this is 
illustrated in the sections describing the implant 
procedures of the four patients. 


Planning 

In order to plan a treatment, a contrast-enhanced 
computed tomographic (CT) scan of the patient is 
obtained. The position, size and shape of the volume to 
be treated are then assessed and a pattern of sources is 
chosen which produces isodose curves of the required 
dimensions. This is a subjective procedure and a number 
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of options may be available. The final choice of a 
particular source arrangement is based on a compromise 
between its therapeutic efficacy and the difficulties 
associated with its surgical implementation. 

The planned position of each source is reproduced at 
the time of implant using the pre-calculated relationship 
between tumour centre and source centre. This is also 
explained in more detail in the sections describing the 
implant procedures of the four patients. When using line 
sources, a specific trajectory needs to be calculated to 
ensure correct orientation of the source within the 
tumour, This is achieved through calculation of the 
geometrical relationship between the source and the 
tumour centre in two CT images. The two points used for 
calculation are generally the two ends of the source. 

Cross-sections through the final acceptable isodose 
pattern are plotted on a standard radiotherapy planning 
system (IGE Target) and superimposed on the original 
CT images. 


Implant procedure 

The patient is anaesthetized before the surgical 
procedure begins and remains anaesthetized until all the 
catheters are in place and their correct position has been 
verified. 

The first step in a stereotactic brain implant is the 
attachment of the base plate of the stereotactic frame to 
the patient. The plate forms a constant plane of reference 
and is fixed in place on the patient with four steel-tipped 
plastic screws. Once the base plate is in place, the patient 
has a contrast-enhanced CT scan in order to locate the 
target site. As the technique adopted to find the target 
site is different for the two stereotactic frame systems, 
each will be discussed separately. 

For Case 1, the Bennett stereotactic frame was 
employed, having been modified for use with CT as 
described by Thomson et al (1984). With this system, the 
base plate is fixed to the CT couch, parallel to the image 
plane, and the centre of the base plate is brought into 
position on the axis of rotation of the scanner. This axis 
corresponds to x=0 and y=0 of the co-ordinate system 
of the CT image and with the base plate in this position, 


the x and y co-ordinates of a chosen point in a CT image 
correspond to the x and y co-ordinates of the stereotactic 
frame. The third co-ordinate, z, is found from the “scout 
view” and is the distance between the image containing 
the chosen point and the base plate. The Bennett system 
was found adequate for simple arrangements of parallel 
catheters (Case 1), but for more complicated arrays the 
calculation of specific trajectories and depths is more 
complex and the alternative stereotactic frame was felt to 
be more accurate. 

Cases 2, 3 and 4 made use of the Brown—Robert—Wells 
(BRW) stereotactic system (Findlay et al, 1985; Apuzzo 
et al, 1987: Gutin et al, 1987) shown in Fig. 1. In contrast 
to the Bennett system, the frame does not attach to the 
couch. Instead. a localizing assembly is fixed to the base 
ring, consisting of two aluminium rings separated by 
nine carbon fibre posts. The posts fit around the patient's 
head and their relative positions on a CT image allows 
conversion of CT co-ordinates to frame co-ordinates 
(Lamb & Gutin, 1985). 

A pre-programmed Epson HZ-20 microcomputer is 
provided to perform the co-ordinate conversion 
calculation. For line sources, use was made of the 
computer's facility to calculate the frame settings 
necessary to guide a cannula along a chosen trajectory. 
When performing a biopsy or implanting a point source 
the trajectory would normally be specified by the co- 
ordinates of the target point and an entry point. To 
correctly implant a line source, however, the co- 
ordinates used are those representing the required 





Figure 1. The Brown-Robert-Wells stereotactic frame and 
guide block assembly. 
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Figure 2. The technique for computing a trajectory along the 
longest tumour axis. When performing a biopsy or implanting a 
point source (trajectory a), the target point (2a) is found from a 
CT scan and the entry point (la) is any chosen point on the 
surface. When computing a trajectory for a line source 
(trajectory b), both points (1b and 2b) are found from CT data 
and the entry point is therefore pre-determined. 


position of the two source ends (Fig. 2). It is important to 
note that, as a result of this procedure, the actual entry 
point cannot be changed. Its position should therefore be 
predicted at the planning stage in case the trajectory 1s 
surgically impractical (Case 2). 

For multiple, parallel arrays of sources (Case 3), the 
BRW-NIHA NIH guide block assembly has been used. 
The guide block has a 37-hole matrix with optional 
separations of 7mm or 10mm between hole centres. 
Each hole is 6.3 mm in diameter and accepts the BRW 
guide tubes. The advantage of using the guide block 
assembly is that a large target volume can be 
encompassed from a single are setting. This saves time 
and simplifies the surgical procedure considerably. 

Following CT scanning, the patient is returned to 
theatre and coaxial silastic catheters (Gutin & 
Dormandy, 1982), suitable for holding iridium wire 
(Cases | and 3) or gold grains (Cases 2 and 4), are 
implanted. The catheters are inserted through burr holes 
or after re-opening a previous craniotomy scar, where 
multiple incision may jeopardize the scalp flap. The use 
of multiple twist-drill holes (Apuzzo et al, 1987) has not 
been favoured as this increases the risk of arterial and 





biological adhesive. 

Once the catheters are in place, dummy sources are 
loaded into them and the arc system is removed. The 
localizing assembly is once more attached to the base 
ring and the patient has another CT scan to verify that 
the position of the catheters within the tumour is correct. 

The active sources are afterloaded several hours later 
when the patient is fully recovered and they remain in 
place for 4-5 days. Sutures are removed after 8 days. 
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Case histories 
Case | 

This female presented at age 16 years with a headache, 
double vision and right facial weakness. Computed 
tomography demonstrated a left fronto-temporal 
enhancing mass. A left temporal craniotomy disclosed a 
3cm tumour and excision appeared macroscopically 
complete. The histology demonstrated a primitive 
neurectodermal tumour (PNET). There was no evidence 
of metastatic disease. The patient received post-operative 
radiotherapy using a three-field X-ray technique on a 
4 MV unit. The prescribed tumour dose was 45 Gy in 26 
fractions over 37 days. 

Seventeen months later. right facial weakness and 
headaches recurred; CT suggested, and a second 
craniotomy confirmed, a cystic recurrence which was 
decompressed. The patient received post-operative 
chemotherapy (vincristine, VM26, — cis-platinum, 
cyclophosphamide, i.e. “OPEC™) resulting in some 
reduction in size of the persisting enhancing tumour ona 
CT scan, Following six courses of OPEC, a wedged pair 
of X-ray beams from an 8 MV unit were used to deliver 
25 Gy in 15 fractions over 23 days to the tumour. 

Sixteen months following the end of retreatment 
radiotherapy, the patient. who had been in full-time 
work, again complained of right facial weakness. The CT 
scan showed an increase in size of the cystic component 
and an aspiration decompression was performed 
followed by a re-exploration and excision of a tumour 
nodule in the cyst wall. No adjunctive medical therapy 
was given. 

Twelve months later the patient presented again with 
weakness of the right side. Computed tomography 
demonstrated a further recurrence. A fourth left 
temporal craniotomy was performed and once again 
resectable tumour was removed. 

Six months later the patient re-presented with mild 
motor dysphasia, some short-term memory impairment 
and mild right hemiparesis. She was, however, holding 
down an office job at this time. The CT scan showed a 
large recurrence, again in the primary site (Fig. 3a) and 
single-agent carboplatin (17S mg/m?/week intraven- 
ously) was delivered as described by Allen et al (1987). 
The patient received six courses with dramatic effect 
(Fig. 3b). Eight weeks after the sixth course of 
chemotherapy, an iridium wire implant was performed. 





(a) (b) 
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Implant technique. For this patient the Bennett 
stereotactic frame was used. Three catheters were 
implanted, 1.5 cm apart, and afterloaded with three 3 cm 
long iridium wires. To ensure a parallel trajectory and an 
equal spacing between catheters, the electrode carrier on 
the arc system was used. This, in a similar way to the 
guide block on the BRW frame, allowed placement of all 
three catheters from a single arc setting. 

Case | was early in our series and as a result lacked 
some of the sophistication of the later cases. A simple 
source trajectory was used, orthogonal to the plane of 
the CT images, which avoided complicated calculations 
of angles. The frame was adjusted such that the central 
hole of the electrode carrier guided the middle catheter 
towards the tumour centre. The depth stop on the 
catheter was set to allow the catheter tip to pass 1.5 cm 
beyond this point (i.e. half the source length). The 
remaining catheters were then inserted to the same 
depth, equally spaced on either side of the tumour centre. 

The final source arrangement and resulting isodose 
pattern are shown in Fig.4. The isodose curves are 
normalized to the average dose-rate at the mid-points 
between the sources, and the prescribed dose was 25 Gy 
to the 50% isodose. 

The patient relapsed in the region of the sphenoidal 
wings at 4 months. 


Case 2 

This female presented aged 17 months with a 2-week 
history of vomiting, drowsiness and unsteadiness. On 
examination she was an irritable infant with a bulging 
anterior fontanelle, dilated pupils not reactive to light 
and no other localizing signs. A CT scan showed 
hydrocephalus and a mass obstructing the foramen of 
Munro. The ventriculogram and carotid arteriography 
showed dilatation of the right lateral ventricle and the 
appearances of a tumour occupying the anterior part of 
the third ventricle and obstructing the foramen of 
Munro. Bilateral ventriculo-peritoneal shunts were 
inserted but the neurosurgical opinion at that time was 
against biopsy. The child’s condition improved and she 
received radiotherapy. Using parallel, opposed lateral 
beams from a cobalt unit, a mid-plane dose of 37.5 Gy 
was delivered in 18 fractions over 40 days, ketamine 
anaesthesia being administered on each occasion. The 


Figure 3. The effect of carboplatin on 
a childhood PNET that has recurred 
after receiving cis-platinum-based chemo- 
therapy. Figure 3a represents a transaxial 
CT scan (enhanced) before chemotherapy 
and Fig. 3b shows a similar scan follow- 
ing carboplatin (Case 1). 
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Figure 4. Case /. Transaxial CT scan of the brain. The 
implanted source array is seen with the tsodose curves 
superimposed 


child made excellent progress and returned to normal 
development and later normal schooling. 

Eleven later, the child re-presented with 
headaches and vomiting but no focal neurological signs. 
Computed tomography demonstrated a small, discrete, 
ovoid enhancing lesion in the same situation as the 
original primary tumour. A stereotactic needle biopsy 
from the lower pole of the tumour demonstrated 
histologically a low-grade astrocytoma. Through the 
same biopsy channel, a brachytherapy catheter was 
placed in the lower pole of the tumour, and through 
another channel a second catheter was placed in the 
upper pole 

Implant technique. The optimum treatment for Case 2, 
a single line source along the tumour axis, was not 
possible as the implant trajectory would have passed 
dangerously close to the sagittal sinus. The alternative 
approach, two gold grains 1.2cm apart, was therefore 
adopted 

At the CT session, with the base ring and localizing 
assembly in place, the patient was scanned using a 0.3 cm 
slice thickness. The images were then viewed and the slice 
containing the tumour centre was found. To locate the 
first target point, the image recorded 0.6 cm superior to 
the tumour centre was displayed. On this image, the x 
and y co-ordinates of the tumour mid-point and the nine 


years 


carbon fibre rods were determined and the 
corresponding frame co-ordinates calculated. This 
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Figure 5. Case 2. Lateral skull reconstruction from a CT scan. 
The implanted sources are seen within the tumour and the 
resulting isodose curves are superimposed 


procedure was then repeated using the image recorded 
(.6cm inferior to the tumour centre. The sources were 
considered point sources and so specific trajectories were 
not pre-planned. 

The final source separation was found to be 1.3 cm and 
the isodose pattern is shown in Fig. 5. The prescribed 
dose was 40 Gy to the tumour perimeter (the 50% 
isodose). This was delivered in approximately 4 days 
giving an average dose-rate of 10 Gy per day. 

The patient remains in remission 10 months after the 
implant. 


Case 3 

This previously fit child presented at age 12 years with 
a I-month history of headache, vomiting, drowsiness 
and blurred vision. On examination she had bilateral 
papilloedema, left lower quadrantic homonymous visual 
field defects and very mild left upper motor neurone 
signs. A CT brain scan demonstrated a large, right 
parieto-occipital mass. A right parieto-occipital 
craniotomy and excision of tumour was performed. The 
histology demonstrated ependymoma. Wide-field (but 
not neuraxis) external-beam radiotherapy was delivered 
(50 Gy in 27 fractions over 30 days using parallel, 
opposed X-ray beams from a 6 MV unit). The patient 
remained well, albeit with a left homonymous 
hemianopia, for | year. She then re-presented with a 
worsening homonymous hemianopia. Computed 
tomography of the brain showed a large cystic and solid 
recurrence in the occipital region. Two cycles of 
chemotherapy were delivered (vincristine, etoposide, cis- 
platinum) with minimal response. A formal right 
occipital lobectomy was performed through 7cm 
anterior to the occipital pole. Some residual tumour 
existed, a post-operative CT scan showing an enhancing 
tumour perimeter. A stereotactic implant was 
performed. 
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Implant technique. As a result of the large size and 
asymmetric shape of the volume to be treated, a larger 
number of sources were required than had previously 
been used. The final chosen arrangement was five 4cm 
long iridium wires, placed 2cm apart in an irregular 
pattern, designed to follow the tumour outline. The 
required co-ordinate of each source centre was found on 
the CT scan prior to implant. To ensure the catheters 
were implanted parallel and to simplify the surgical 
procedure, the BRW guide block system was used. The 
trajectory was calculated for one of the central sources 
and the arc assembly was set up accordingly. The 
phantom base unit was then adjusted to indicate the 
required position of the centre of each of the other 
sources, in turn. Catheters were inserted through various 
holes in the guide block, and for each source position the 
hole was found which guided the catheter closest to the 
indicated point. These holes were marked and with the 
frame attached to the patient, they were used to guide 
catheters to the genuine target sites. This technique 
avoided the need for repeated removal and readjustment 
of the are system. 

The final pattern of sources and the resulting dose 
distribution are shown in Fig. 6. The isodose curves are 
normalized to the average dose-rate at the points midway 
between consecutive sources. The prescribed dose was 
40 Gy to the 50% isodose and this was delivered in 5 
days. The patient remains in remission at 3 months. 





Figure 6. Case 3. Transaxial CT scan of brain. The implanted 


source array is seen, with the resulting isodose curves 


superimposed. 
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Case 4 

This child aged 3 years 9 months presented first at 2 
months of age with bilateral retinoblastoma. The 
tumours in the right eye were treated by xenon 
photocoagulation but the disease in the left eye was too 
extensive. The left eye was therefore given a dose of 
40 Gy in 20 fractions over 28 days via an anterior beam 
from a cobalt unit. At follow-up, the disease in the left 
eye proved inert but further photocoagulation to new 
tumours in the right eye was required. At the age of 8 
months, because of progressive disease in this eye, 
external-beam radiotherapy was delivered. Using an 
anterior beam from a cobalt unit, a dose of 42.5 Gy was 
delivered in 22 fractions over 44 days. Further follow-up 
showed inert disease in both eyes. 

At the age of 3 years, the child presented with 
listlessness and an ataxic gait. The CT scan showed gross 
hydrocephalus with an enhancing midline mass in the 
region of the pineal, characteristic of ectopic intracranial 
retinoblastoma. 

A ventriculo-peritoneal shunt was inserted. 
Cerebrospinal fluid cytology and myelography was 
negative. Systemic chemotherapy (vincristine, etoposide, 
carboplatin) and intrathecal chemotherapy (methotrex- 
ate, cytosine arabinoside and hydrocortisone) was 
commenced followed by neuraxis irradiation. Using a 
6 MV linear accelerator, the neuraxis received 24 Gy in 
15 fractions before a planned three-field boost to the 
pineal region gave a further 16 Gy in nine fractions, 
bringing the total dose to the pineal tumour to 40 Gy. A 
higher external-beam dose was not considered safe, 
bearing in mind the exit contributions from the previous 
two ocular cobalt portals. 

Five months later the CT scan showed a small CT- 
enhancing lesion in the region of the pineal and a 
removable stereotactic gold grain implant was planned. 

Implant technique. The tumour was assessed as a 
spherical lesion, 2.5cm in diameter. Because of its 
relatively small size, it was felt adequate to implant a 
single source at the tumour centre. This had the added 
advantage, as in Case 2, that any trajectory could be 
chosen, the source being effectively a point source 
located at the tip of the catheter. The prescribed dose was 
40 Gy to the tumour periphery and this was delivered in 
approximately 4 days. The patient remains in remission 
at 2 months. 


Discussion 

In recent years, there has been much interest in brain 
brachytherapy (Mundinger et al, 1980; Gutin & 
Bernstein, 1984; Findlay et al, 1985; Mantell et al, 1986; 
Gutin et al, 1987; Karlsson, 1987). Good results have 
been claimed for low-grade tumours recurring locally 
after conventional external-beam radiotherapy, and 
recently the San Francisco group have published 
promising data on high-grade tumours (Gutin et al, 
1987). 

In this report we describe the stereotactic techniques 
used for paediatric brain brachytherapy at St 
Bartholomew's Hospital. With the first patients treated, 
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the Bennett stereotactic frame was used and was found 
adequate for relatively simple implant procedures. It was 
considered less adaptable, however, for the more 
complicated trajectories dictated by irregularly shaped 
tumours, particularly when considering normal 
anatomical structures that must not be traversed or 
penetrated during the implant. Our subsequent adoption 
of the BRW frame together with the NIH guide block 
assembly has advanced the programme’s versatility and 
sophistication (Case 3). The choice of gold grains was 
made for small spherical implant volumes (Case 4) or 
cases where it was impractical to implant a line source 
along the longest tumour axis (Case 2). Where large or 
irregular volumes are to be implanted, the choice of 
iridium wire is more appropriate and reduces the number 
of sources necessary. We have not employed ‘7I as an 
implant radionuclide although this is popular in the USA 
(Findlay et al, 1985; Gutin et al, 1987). However, the 
average dose-rate on the perimeter of the tumour volume 
has been similar to that of the San Francisco group 
(Gutin et al, 1987) at approximately 10 Gy per day. 

The chosen brachytherapy dose in the cases reported 
here was 25 Gy for the patient who had twice received 
external-beam radiotherapy to this brain area (a total of 
70 Gy), and 40 Gy for the other three cases. This dose 
was prescribed to the 50% isodose which was planned to 
correspond to the imageable tumour perimeter. We do 
not yet know how to calculate brain tolerance doses in 
children from mixed external-beam and brachytherapy 
prescriptions or whether lower dose-rate brachytherapy 
might be advantageous with regard to paediatric normal 
brain tolerance in a pre-treated patient (Findlay et al, 
1985). Certainly, radiotherapy retreatment of recurrent 
brain tumours has been safely performed previously 
(Dritschilo et al, 1981). 

in standard fractionated radiotherapy, it is now well 
established that there is a high weighting on the fraction 
size exponent in the isoeffect formulae for brain 
tolerance to radiation (Sheline et al, 1980; Wigg et al, 
1981). This supports the argument for prescription of 
small daily fractions in order to best respect central 
nervous system radiation tolerance. Whether this also 
applies to low-dose-rate brachytherapy prescriptions, 
however, is unknown. As a result, our prescriptions to 
date have been empirical and conservative. We have not 
seen evidence of radiation necrosis although, from the 
experience of others, we may expect to encounter this in 
the central tumour areas, Later in the programme we 
may elect to increase the total dose prescribed in selected 
patients, based on the morbidity experienced with 
previous patients in our series. 

The patients described in this report exemplify some 
important modern concepts in brain tumour 
management and salvage. Case 1, with multiple local 
recurrences of a supratentorial PNET, had twice received 
external-bearm radiotherapy and combination 
chemotherapy (including cis-platinum). Although not 
the main objective of this publication, the dramatic 
response of the tumour recurrence to carboplatin (Fig. 3) 
provides support for the use of systemic chemotherapy in 
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this situation (Allen et al, 1987). Following six 
carboplatin courses, the tumour was of implantable 
proportions and an array of iridium wires, parallel to the 
long axis of the tumour allowed a re-irradiation of the 
tumour volume. Because of the steep dose gradients 
around the volume, the surrounding fronto-temporo- 
parietal areas were not significantly re-irradiated. 

Case 3 presented the problem of a post-radiation, 
locally recurrent ependymoma in the non-dominant 
parieto-occipital region. Radical neurosurgical resection 
had not been possible and there had been no meaningful 
response to chemotherapy. It seemed logical to implant 
the CT-enhancing tumour margins post-decompression. 
This was achieved by a sophisticated CT-directed iridium 
wire technique. 

Case 2 perhaps exemplifies the ideal situation for brain 
brachytherapy. The case is most unusual in that a 
hypothalamic/third ventricular low-grade astrocytoma 
recurred as a small, discrete, midline mass, 11 years after 
radical external-beam radiotherapy. It is worth noting 
the good quality survival and development of this child 
following a radiation dose of 37.5 Gy at the age of 17 
months. It is our belief that following this external-beam 
radiotherapy in infancy, further external-beam 
radiotherapy of the surrounding normal brain tissue 
would have been hazardous, risking severe late radiation 
morbidity. The recurrent mass was small, oval, midline 
and at the site of the primary tumour; stereotactic biopsy 
showed it to be a low-grade astrocytoma. We believe that 
a small discrete recurrence of a low-grade glioma 
occurring some years after radical external-beam therapy 
is the most appropriate indication for brain 
brachytherapy. This child is fully active and in complete 
remission. 

Case 4 provides a fascinating dilemma. Although 
pineoblastomas are radiocurable growths (Sung et al, 
1978; Bloom, 1983), local recurrence is a problem. This is 
particularly true in “trilateral retinoblastoma” patients 
(Kingston et al, 1985), and a conventionally fractionated 
dose of 50 Gy is recommended in older patients. The 
child described here was young and had received 
previous treatment to each eye with direct anterior 
photon beams. A subsequent external-beam treatment of 
the pineal tumour delivered a further dose to the pineal 
region of 40 Gy, a limited dose for reasons of normal 
tissue tolerance. The follow-up CT scan demonstrated a 
persisting, albeit very small, enhancing pineal lesion. 
Case 4 was therefore felt to represent another clearly 
advantageous situation for brain brachytherapy. 

In conclusion, intracranial brachytherapy has an 
established place in the management of selected cases of 
paediatric brain tumours, either as part of the primary 
treatment programme (Case 4) or as a “salvage” 
radiation procedure (Cases 1-3). It is a procedure that 
requires a highly specialized and dedicated unit. 
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Abstract. Neonates on a Special Care Baby Unit often require radiography to monitor the progress of their treatment and as a 
result can have a large number of radiographs taken during their stay in hospital. The skin entrance dose was estimated from a 
knowledge of the technique factors, X-ray tube output and backscatter factors. Normalized organ dose data were employed to 
estimate the radiation dose to a number of critical organs. A number of methods of reducing the radiation dose to neonates were 
investigated. Initially, this involved changing the radiographic technique factors and introducing a lead rubber adjustable 
collimator, placed on top of the incubator, in addition to the light beam diaphragms on the X-ray tube. It was deduced from the 
results of calculations that these modifications to the radiographic examination technique had reduced the average entrance dose per 
radiograph from 92 Gy to 58 Gy, a reduction of 37%. Later, a rare-earth film-screen combination was introduced to replace the 
existing fast calcium tungstate screens. This enabled the average entrance dose per radiograph to be reduced to 39 uGy, a further 
reduction of 33%. The mean radiation dose to a neonate is mainly determined by the number of radiographs taken and this is 


dependent on the clinical symptoms. 


Radiology is one of the main methods of assessing the 
progress of treatment of neonates on a Special Care Baby 
Unit (SCBU). Consequently, very ill neonates may have 
a large number of radiographic examinations during 
their stay in hospital. Despite the radiographic technique 
factors being lower than for older patients, it is still very 
important to monitor the radiation dose to neonates 
because of the high patient doses associated with the 
relatively large number of radiographs taken. In 
addition, certain somatic risk factors are considered to 
be higher for neonates than for adults (National 
Radiological Protection Board (NRPB), 1984). 

It is therefore of interest to investigate various means 
of reducing the radiation dose to neonates and to 
estimate the reduction achieved by each method. Three 
methods of dose reduction were studied: (i) changing 
radiographic technique factors, (ii) improving the X-ray 
beam collimation by the introduction of a lead rubber 
adjustable collimator (Appleton & Carr, 1984) and (iii) 
the introduction of a rare-earth film—screen combination. 


Materials and methods 

All radiographic investigations were performed on a 
capacitor discharge mobile X-ray unit. The radiation 
output of the mobile X-ray set was measured using a 
Victoreen 660 digital survey meter and a previously 
calibrated ionization chamber. Radiation output 
measurements were made across the range of 
radiographic technique factors routinely used on the 
Special Care Baby Unit. 

The entrance dose to each neonate was estimated 
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retrospectively from a knowledge of the radiographic 
technique factors, using a previously published method 
of calculation (Harrison et al, 1983). Backscatter factor 
values were taken from a previous publication (Harrison, 
1982). An allowance was made for the attenuation of X 
rays in the Perspex top of the incubator. 

Radiation doses to a number of organs were estimated 
using the method of Rosenstein et al (1979). The 
normalization quantity for this data is the entrance 
exposure (free in air). The entrance exposure (free in air) 
was deduced from the entrance dose for each neonate. 

The radiation dose to the breasts was estimated using a 
different method to that for the other organs, as 
normalized organ dose data for the breasts is not 
tabulated by Rosenstein et al (1979). When the breasts 
were in the primary beam, for example during chest 
radiography, the breast dose was taken to be equal to the 
entrance dose. Occasionally, an abdominal radiograph 
was taken on some of the neonates included in this study. 
For these radiographs, where the breasts were not in the 
primary beam, it was assumed that the scattered 
radiation dose to the breast was similar to that to the 
lungs. This was considered to be a reasonable 
approximation which would not have a large effect on ` 
the breast dose, as abdominal radiographs were very 
infrequent when compared with the number of 
radiographs taken where the breasts were in the primary 
beam. 

Two methods of dose reduction were initially 
investigated: a lead rubber adjustable collimator was 
introduced and the radiographic technique factors were 
altered. The lead rubber adjustable collimator was based 
on an earlier design (Appleton & Carr, 1984) and is 
placed on the Perspex top of the incubator (Fig. 1). The 
use of the lead rubber collimator ensures the X-ray beam 
is tightly collimated to the area of interest, thereby 
decreasing the penumbra and the effect of any 


The British Journal of Radiology, March 1989 


Radiation dose to neonates 





Figure 1. Adjustable collimator in position. 


inaccuracies in the light beam alignment. It may be 
deduced from Figs 2 and 3 that the lead rubber 
collimator is very effective at reducing the size of the X- 
ray beam to the area of interest. Technique factors were 
changed by using a slightly higher tube potential and 
therefore lower mAs to decrease the entrance dose whilst 
keeping the same dose to the film. Increasing the tube 
potential will decrease the radiographic contrast, 
consequently a compromise has to be made between 
decreasing the entrance dose and therefore the dose to 
other organs and the radiographic contrast. Neonates 
radiographed before and after the introduction of these 
dose reduction techniques were in Groups | and 2, 
respectively. 

An allowance was made for the effect of the difference 
in field size on organ doses when the lead rubber 
adjustable collimator was used based on the data of 
Rosenstein et al (1979). It is anticipated that the organ 
doses for the patients will be slightly overestimated as the 
radiographers, in general, will be able to collimate the X- 
ray field to an area smaller than the respective field sizes 
given by Rosenstein et al (1979). The normalized organ 
dose data of Rosenstein et al (1979) assumes that the X- 
ray field is collimated to the size of the body part using a 
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Figure 2. Radiograph with no extra collimation. 


rectangular field, whereas the adjustable collimator 
should reduce the field size even further. However, in 
practice the adjustable collimator could only be used in 
66% of all examinations. 

Later, a rare-earth film-screen combination (Agfa 
Curix MR400, Agfa RP film) was introduced to replace 
the existing fast conventional screens (Siemens Diamante 
Super Voderfolie). This constituted the third group of 
neonates. The lead rubber adjustable collimator was still 
used whilst radiographing this group. 





Table 1. Estimated mean radiation dose to a number of organs 
(mGy) for the three groups of neonates 
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Organ Group 
I 2 3 

Breast 2.32 (2.66) 0.61 (0.41) 0.61 (0.77) 
Testes (6.25 (0.21) 0.04 (0.04) 0.08 (0.10) 
Ovaries 0.19 (0.14) 0.04 (0.05) 0.06 (0.07) 
Thyroid 1.28 (1.35) 0.30 (0.22) 0.31 (0.39) 
Active bone marrow 0.28 (0.29) 0.06 (0.04) 0.05 (0.07) 
Lungs 1.02 (1.02) 0.23 (0.17) 0.24 (0.30) 
Total body 0.84 (0.84) 0.18 (0.14) 0.14 (0.17) 
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Standard deviation in parentheses. 


Results 

Table I is a summary of the estimated mean radiation 
dose to different organs of the three groups of neonates. 
The first group comprised 10 neonates who were 
examined prior to the instigation of dose reduction 
techniques, whose radiation doses were calculated 
retrospectively. Typical radiographic technique factors 
were 46 kV, 5 mAs. The second group of seven neonates 
were those examined at a slightly higher tube potential 
($2 kV, 2mAs) and after the introduction of the lead 
rubber adjustable collimator. The eight neonates in 
Group 3 were radiographed using a rare-earth film- 
screen combination. Radiographic technique factors for 
neonates in this third group were typically 46kV and 
2mAs. Note that the radiographic technique factors 
have been rounded to the nearest integer value. 


Discussion 

As may be deduced from Table I, radiation doses to a 
typical neonate in Group 2 were considerably lower than 
in Group |. For instance, the mean total body dose fell 
from 0.84 mGy for neonates in Group | to 0.18 mGy for 
neonates in Group 2. The main cause of this dose 
reduction was the lower average number of radiographs 
of each neonate in Group 2 (10.8) compared with Group 
1 (28.5). The decrease in the number of radiographs is 
consistent with the neonates in Group 2 having slightly 
different clinical problems which required fewer 
radiographs. 

The reduction in the number of radiographs taken 
accounts for most, but not all, of the reduction in dose to 
neonates in Group 2 compared with Group 1. One way 
of assessing the effect of the dose reduction techniques on 
the dose received by neonates in the three groups is to 
compare the average entrance dose per radiograph. This 
quantity is independent of the average number of 
radiographs taken on the neonates in the three groups. 
Because of changes in technique factors, the average 
entrance dose per radiograph was lower for neonates in 
Group 2 (58 wGy compared with 92 wGy for those in 
Group 1), a reduction of 37%. i 

The radiation dose to neonates in Group 3 was similar 
to those in Group 2 (Table I). This is despite the neonates 


232 


K. Faulkner, J. L. Barry and P. Smalley 


in Group 3 having on average a larger number of 
radiographs (15.3) when compared with Group 2. The 
use of a rare-earth film—screen combination has reduced 
the average entrance dose per radiograph to neonates in 
Group 3 from 58 to 39 uGy, a reduction of 33%. Note 
that the rare-earth film—screen combination is not being 
used to its fullest advantage in this particular imaging 
task. The peak tube potential is too low to make full use 
of the greater attenuation of the screen caused by the K- 
edge of the rare-earth materials, as the majority of the X- 
ray spectra lies below the K-edge of the materials used 
(Birch et al, 1979). The increased light output of the rare- 
earth fluorescent screens is being utilized, however, to 
reduce radiation doses. 

Radiation doses could be reduced even further by 
increasing the tube potential. However, this was not 
possible on this particular mobile X-ray set, because of 
the limited minimum tube current and exposure time 
which could be selected. Adding extra filtration to the 
beam by the introduction of a rare-earth metal filter 
(Webster, 1984) would solve this problem and would also 
reduce radiation doses as a result of the harder X-ray 
beam. 

Values of entrance dose per radiograph given here for 
the neonates radiographed with a rare-earth film—screen 
combination (i.e. Group 3) are slightly lower than those 
reported by Robinson and Dellagrammaticas (1983) for 
chest and abdominal examinations, whereas the entrance 
dose per radiograph to neonates in Group 2 is similar. 

Fletcher et al (1986) studied the risk of diagnostic 
radiation to the newborn. In their paper the skin dose for 
a single exposure (or radiograph) was given as 0.07 mGy 
(70 Gy), which may be compared to data on entrance 
dose per radiograph given here. The average entrance 
dose per radiograph to neonates in Group | was slightly 
higher than that quoted by Fletcher et al (1986). The 
introduction of rare-earth screens and changes in 
radiographic technique reduced the average dose per 
radiograph to 39yGy for neonates in Group 3, 
somewhat lower than given by Fletcher et al (1986). 

In the paper by Fletcher et al (1986), the various 
sources of data on carcinogenic and genetic risks were 
discussed. A value of 51 cases of malignant disease per 
1000 Gy was given as a reasonable upper estimate of the 
risk of radiation to neonates. This somatic risk value has 
been used here in order to directly compare our findings 
with those of Fletcher et al (1986). Using our estimates of 
total body dose (Table I), the risk of radiation to the 
neonates is 43, 9 and 7 (x 1076) for the neonates in 
Groups | to 3, respectively. It should be anticipated that 
the radiation risk to the neonates studied here is lower 
than that given by Fletcher et al (1986) as mean total 
body dose has been used in the calculation rather than 
entrance dose. However, the estimated risk of radiation 
to neonates in Group | is somewhat higher, due mainly 
to differences in the number of radiographs taken. 







Conclusions | 
As anticipated, changing the radiographic technique 
factors by using a more penetrative beam and a lower 
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mAs reduced the average entrance dose per radiograph 
by 37%. The introduction of a rare-earth film—screen 
combination produced a further reduction of 33%. 
However, the main influence on the estimated typical 
total body dose was the number of radiographs taken, 
which is related to the clinical problems of the neonates. 

The lead rubber adjustable collimator which was used 
to tightly collimate the X-ray beam to the area of interest 
was very successful at reducing.the radiation dose to 
certain organs and tissues. practice, the dose 
reductions will be slightly less as the adjustable 
collimator could only be used in 66% of all 
examinations. 
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Abstract. The use of the nitroimidazole radiation sensitizers, misonidazole and SR-2508, has been limited by a variety of side- 
effects, principally peripheral neuropathies. In order to increase the effectiveness of radiosensitization and thereby reduce the 
administered dose of the sensitizers, intra-arterial delivery of SR-2508 was performed and followed with 10 Gy of 4 MeV photon 
beam radiotherapy in the rabbit V2 carcinoma tumour model. Comparison was made with rabbits treated with an identical dose of 
SR-2508 given intravenously prior to photon beam radiotherapy. Control animals were treated with radiation therapy only, intra- 
arterial SR-2508 only, or had no treatment. Neither the radiation therapy alone nor the SR-2508 alone had any effect on tumour 
growth. In the intra-arterial group, the tumour growth was slower and the size was significantly smaller than all other groups. The 
results suggest that the intra-arterial infusion of the radiation sensitizer produces greater response of the tumour than intravenous 


infusion when each is combined with radiation therapy. 


Recently, interest has been generated in the radiation 
sensitizer SR-2508 because of a higher degree of 
sensitization than its predecessor, misonidazole, as well 
as reduction in side-effects (White et al, 1980). However, 
peripheral neuropathies are still seen with this drug and 
are dose dependent (Coleman et al, 1984). Since 
sensitizer effectiveness is concentration dependent and 
ioxicity is total-dose dependent, a reduction in toxicity 
without loss of effectiveness could be achieved by 
administering a lower dose of sensitizer intra-arterially 
directly to the tumour. A comparison of intra-arterial 
and peripheral intravenous administration of radiosensi- 
tizer is reported, using the rabbit V2 carcinoma tumour 
model. 


Materials and methods 
Animals 

Fifty-nine adult New Zealand white male rabbits 
of 3 to 4kg body weight were divided into seven 
groups. Group I (12 rabbits) received intra-arterial SR- 
2808 and radiation therapy. Group H (12 rabbits) 
received intravenous SR-2508 and radiation therapy 
(RT). Group HI (eight rabbits) received no treatment. 
Group IV (eight rabbits) received intra-arterial SR-2508 
only. Group V (eight rabbits) received radiation therapy 
only. Group VI (three rabbits) were tumour donor 
animals. Group VII contained eight rabbits who did not 
have a tumour placed in the thigh and received intra- 
arterial SR-2508 and radiation therapy. 


Tumour 

Frozen rabbit V2 carcinoma fragments which are 
syngeneic in the New Zealand white rabbit were obtained 
from the Breast Cancer Animal and Human Tumor 
Bank, National Cancer Institute (Bethesda, Maryland) 
and were implanted intramuscularly into the thighs of 
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donor animals. After 14 days growth, the tumour masses 
measured 1~2cm diameter. At this time the donor 
animals were sacrificed and the tumour removed from 
the thigh. The tumour was then minced and 0.2 cm? of 
tumour fragments suspended in 0.3ml Minimum 
Essential medium. These fragments were then implanted 
in the thighs of the experimental animals. Before 
intramuscular injection of the tumour fragments, the 
animals were anaesthetized with an intramuscular 
injection of 2.5mgkg~! acepromazine maleate (Ayerst 
Laboratory, New York) and 44mgkg~' ketamine 
hydrochloride (Bristol Myers Co., Syracuse). 


Drug delivery 

Intra-arterial delivery of the SR-2508 was performed 
by placing a 3 French single-lumen polyethylene catheter 
selectively in the common femoral artery of the leg 
containing the tumour. The arterial system was accessed 
by a surgical cut-down on a carotid artery and the 
catheter placed with fluoroscopic guidance. Before 
radiation therapy was begun, the catheter was removed, 
the carotid artery tied off, and the surgical site sutured. 
During the procedure, adequate anaesthesia in all groups 
was maintained by administration of 0.5-1.0 ml boluses 
of intravenous thiamylal sodium (Parke-Davis & Co., 
Detroit) via an ear vein every 15-20 min. Intravenous 
delivery of SR-2508 was via a marginal ear vein. SR-2508 
was administered 15~20 min prior to radiation therapy. 
No sham operations were performed in groups which 
were not treated. 


Radiation therapy 

A total of 10 Gy of 4 MeV photon radiation therapy 
was administered to Groups I, H, V and VII at a rate of 
| Gy min~'. A single lateral treatment field on the thigh, 
measuring 4cm x 5cm, was used. 
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Drugs 

SR-2508 was supplied by the Drug Synthesis and 
Chemistry Branch of the National Cancer Institute. The 
dose was 20 mg kg™', which was dissolved in 50 ml of 


0.9N saline. This dose will give approximately 
0.3 mg ml“! in circulating blood. 

Evaluation 

Tumours were measured in two perpendicular 


directions at weekly intervals for 12 weeks after 
inoculation. Treatment was performed 2 weeks after 
implantation when the diameter of the tumour was l- 
2cm. After the animals recovered from anaesthesia, 
they were examined daily for food intake, state of 
consciousness and motor activity. Euthanasia, using 5 ml 
of intravenous T-61 solution (Taylor Pharmaceutical, 
Decatur), was performed 12 weeks after implantation or 
earlier if an animal became incapacitated. Necropsies 
were performed on all animals. Statistical analysis using 
the Mann-Whitney U-test compared the cross-sectional 
areas of the measured tumour on a weekly basis. 
Percentage growth was calculated from the difference of 
cross-sectional areas between two consecutive weeks 
divided by the earlier area. The level of significance was 
selected as 5%. 


Results 

The mean values of the cross-sectional areas of the 
tumour in Groups HI, IV and V are shown in Fig. | with 
mean survivals of 52, 48 and 49 days, respectively. Cross- 
sectional areas were compared as they could be measured 
more easily than volumes and with a higher degree of 
reproducibility and because the tumour grew as a flat 
plate rather than a spheroid. No statistically significant 
difference was present among these groups. These rabbits 
died from lung metastases or were sacrificed. No rabbits 
showed any evidence of subsequent immunorejection of 





Tumour cross-sectional area (cm’) 
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Figure 1. Cross-sectional area of the tumour as a function of 
time after treatment. Group I is intra-arterial SR-2508 plus 
radiation (W) and Group I is intravenous SR-2508 plus 
radiation (@). Error bars represent one standard error of the 
mean. Control groups are collectively represented by the no 
treatment group cross-sectional area variation with time (0). 
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the tumour. In contrast, all animals in Groups I and H 
survived for the duration of the experiment and, at the 
time of sacrifice, animals in Group I showed no evidence 
of metastases while five of 12 rabbits in Group II 
demonstrated metastases in either lung or abdomen. The 
results of Groups I and H are shown in Fig. 1. Eight of 12 
animals receiving intra-arterial SR-2508 with radiation 
had no detectable tumour on palpation of the leg 5 weeks 
after treatment. At necropsy. none of these animals had 
tumour present. No animals in any other group showed 
evidence of cure. 

Since two-thirds of the animals treated with intra- 
arterial SR-2508 with radiation were cured of their 
tumour, a tumour regrowth delay assay would have been 
inaccurate (Fowler et al, 1980). Consequently, since the 
comparison between the experimental groups that had 
received intravenous and intra-arterial SR-2508 with 
radiation was of primary interest, a statistical 
comparison of the groups was performed on a weekly 
basis using non-parametric statistics because the groups 
were not necessarily Gaussian in distribution. 

The cross-sectional tumour areas of Groups I and H 
were significantly different (»<0.001) from the 8th 
through the 12th week following implantation (6-10 
weeks after treatment) with Group I tumours smaller 
than Group II. However, interval growth, defined as the 
percentage change between tumour cross-sectional areas 
in successive weeks, was statistically significant only 
during the first week after treatment: Group I interval 
growth was negative while Group II growth consistently 
increased. 

No animals showed any evidence of neurological 
changes as evidenced by impaired mobility. However, 
the animals which received SR-2508 and radiotherapy, 
regardless of the method of administration, showed a 
higher sensitivity to intravenous anaesthetics than 
animals that did not receive SR-2508, such that only half 
of the usual dose of anaesthetics was required to place 
the animals under adequate analgesia to perform the 
radiotherapy. 


Discussion 

The radiation resistance of hypoxic tumours is well 
demonstrated. The use of radiation sensitizers to solve 
this problem in treatment was initially proposed in the 
1960s and testing of the 2-nitroimidazoles, e.g. 
misonidazole, was begun. Second-generation sensitizers 
such as SR-2508 have been developed which are 
derivatives of misonidazole. The lack of adequate 
sensitization of the tumour as well as the development of 
toxicities, notably peripheral neuropathies, limits the use 
of misonidazole and SR-2508. However, because of the 
lower lipophilicity of SR-2508, neurotoxicity is not as 
great a problem (Brown et al, 1981). 

In the past, the radiation sensitizers have been 
administered orally and intravenously. As with 
chemotherapeutic agents, the dose-response curve of 
radiation sensitizers is steep, and thus the actions should 
be enhanced by selectively delivering the drug intra- 
arterially to the tumour. Side-effects should also be 
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diminished for two reasons: (a) it is likely that an intra- 
arterial dose to the tumour will produce adequate 
sensitization at a lower systemic dose because of the 
steep concentration gradient between the arterial system 
and the tumour, which will produce more diffusion of the 
sensitizer into the tumour, and (b) there may be a first 
pass extraction effect also resulting in a lower systemic 
dose. 

The administered dose of SR-2508 was based on prior 
research with the rabbit VX2 carcinoma and murine 
fibrosarcoma models using misonidazole as the sensitizer 
(Milas et al, 1983; Coldwell et al, 1984; Newman et al, 
1986a). The 10 Gy radiation dose was selected because 
previous work demonstrated that the V2 carcinoma was 
unresponsive to this dose of radiation (Muckle & 
Dickson, 1973). This lack of response to the 
administered dose of radiation only was again noted in 
the current study. A demonstrable change in the tumour 
was produced only when both SR-2508 and radiation 
were present. While 20-30 min elapsed between the 
administration of SR-2508 and radiotherapy, prior 
research has shown that peak tumour concentrations of 
SR-2508 are maintained for at least 20 min (Brown & 
Yu. 1980; Newman et al, 1986a). 

The V2 tumour is a hypoxic tumour with a low pH and 
develops necrotic areas 3 weeks after implantation. The 
tumour is sensitive to the combination of intra-arterial 
SR-2508 and radiation therapy. This sensitivity to the 
method of delivery is underscored by the statistically 
significant difference between the groups of animals 
whose only variation in treatment was intra-arterial or 
intravenous drug delivery. The tumour was exposed to 
two different SR-2508 concentrations producing 
gradients that promoted diffusion of more SR-2508 into 
the tumour when it was given intra-arterially. These 
results are consistent with previous work which 
demonstrated a greater amount of misonidazole 
absorbed in tumours when it was administered intra- 
arterially rather than intravenously (Wright, 1986, 
personal communication). While tumour drug levels 
were not measured, prior work has demonstrated at least 
60-100% of the serum level within the tumour (White et 
al, 1980; Newman et al, 1986b). Because the local serum 
concentration is higher in the intra-arterial infusion, the 
tumour levels should be higher than when it was given 
intravenously. This difference in tumour uptake is 
demonstrated empirically by the difference in tumour 
reactivity to the administered radiation since no other 
factors are different between the two groups. 

This is a pilot study and has shown a very fruitful area 
for further research. Variation in drug and radiation 
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doses are planned, as well as investigation into the 
pharmacokinetics and quantification of the tumour 
uptake of the sensitizer. 
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A comparison of two different T-grain films in rare-earth 
screens with a standard film—screen combination for 
intravenous pyelography and bone examinations 


By Hugh Logan, Lesley Daly and James Masterson 
Department of Radiology, St Vincents Hospital, Elm Park, Dublin 4, Ireland 


(Received July 1988) 


Abstract. T-grain film is claimed to give significantly improved image quality, allowing the use of faster screens without loss of 
quality and thus reducing radiation dose. We tested this claim for two systems. In each case comparison was made with our usual 
screen-film combination, Agfa Curix RPI film with Kodak Xomatic Regular screens (a nominally 200 speed system). The systems 
tested were Kodak TMatG in Kodak Lanex Medium screens (300 speed) and Agfa STG in Kodak Lanex Regular screens (400 
speed). The Agfa STG-Lanex Regular system performed less well than the standard system for intravenous pyelograms (IVPs), 
bones and soft-tissue detail. Its speed advantage was not apparent below 70kV. The Kodak TMatG—Lanex Medium system was 
better than the standard system for IVPs but not as good for bones. It gave virtually no speed advantage below 90kV. Kodak T- 
grain film in a medium-speed, rare-earth screen was found to be better than the standard system for IVPs. Agfa T-grain film in a fast 
rare-earth screeen was unsatisfactory for IVPs, Neither combination was as good as the standard system for bones. 


The search for ways of reducing X-ray exposure to 
patients in diagnostic radiology continues. There have 
been many reports of the use of rare-earth screens 
especially for intravenous pyelography (Stables et al, 
1977; Segal et al, 1982; Picus et al. 1984). However, in 
practice their use is not widespread, as there is felt to be 
an unavoidable loss of quality in return for the reduced 
X-ray dose. Recently, research into silver grain 
technology has led to the introduction of T-grain film, 
which is claimed to give an improvement in quality over 
standard film. The manufacturers claim that its use with 
fast screens should allow a substantial reduction in 
exposure without loss of quality, because of reduced 
Cross-over, 

A major cause of unsharpness in film—screen systems is 
“cross-over”, which is the exposure of the emulsion on 
one side of the film by light from the intensifying screen 
on the other side. The novel feature of T-grain film is that 
the silver grains are flat rather than round and orientated 
at right angles to the incident light. This is combined with 
new developments in dye technology and is claimed to 
reduce cross-over significantly. 

We investigated the systems by comparing their 
performance with our existing film—screen combination, 
Agfa Curix RPI film in Kodak Xomatic Regular screens, 
a nominally 200 speed system. We used each of the two 
films according to their manufacturers recommen- 
dations. In the case of the Kodak film this was Kodak 
TMatG film in Kodak Lanex Medium screens, a 
nominally 300 speed system. The Agfa film, STG, was 
used with Kodak Lanex Regular screens, a nominally 
400 speed system. 
ett ri a a Oo 
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Patients and methods 

Two types of examination were used for the study: (a) 
excretion urography and (b) plain skeletal radiography 
of larger body parts. 

For excretion urography, 50 consecutive patients had 
one radiograph of their examination duplicated, the 
order of study radiograph/standard radiograph being 
randomized. In all cases both exposures were made 
within [min of each other. In total, 10 contro! 
radiographs, 10 immediate post-injection radiographs, 
10 after 5 min, 10 after 10 min, and 10 after 15 min full- 
length radiographs were repeated. 

For the bone studies, large and medium-sized bones 
were selected, 10 each of pelvis, lateral lumbar spine, 
lateral cervical spine, antero-posterior knees or shoulder. 
and lateral skull. 

The exposures were adjusted by changing the mAs to 
achieve similar film densities, keeping the kVp constant 
to preserve soft-tissue contrast. This gave satisfactory 
exposure matching in the majority of cases. Whenever an 
exposure mismatch was considered significant, that film 
pair was excluded. The two radiographs, T-grain and 
standard film, were kept as a pair. They were attached to 
a questionnaire and submitted to one of the two 
assessing radiologists. Assessments were made twice by 
one radiologist and once by the other. At least | month. 
and usually several months, separated the two 
assessments by Reader I. No attempt was made to 
“blind? the assessments, as the two films are 
recognizable by their different coloured base material. 

Intravenous pyelograms were assessed for clarity of 
renal outline and collecting systems. Soft-tissue detail 
was assessed overall and on the clarity of the psoas 
shadow. Bone margins and bone trabeculae were 
compared for sharpness. 


Finally, the relative speeds of the two systems were 
compared with the standard system over a range of kV. 
This was done because we were impressed by how little 
exposure reduction was possible at low kV using the 
rare-earth screens. This was done with step-wedges. 

Processing of all films was done in Kodak chemicals at 
34°C in a Kodak RP XOMat processor whose 
performance is monitored daily. Agfa Curix RPI] is our 
departmental general purpose film and is normally 
processed in this machine. To assess the effect of different 
processing conditions, especially on the Agfa films, step- 
wedge exposures were made using the cassettes side-by- 
side and the step-wedge recorded on both simultaneously 
with the same exposure. Test exposures were also made 
using a line-pair phantom and a gallbladder phantom. 
One of each pair was developed in Agfa chemicals at 
IFC. 

The Agfa processing reduced the film-screen speed by 
approximately 30% for the Agfa T-grain and 10% for 
the RPI. both measured at a middle-density step, but 
made no measurable difference to contrast, base fog 
levels, line-pair resolution, or contrast resolution on the 
gallbladder phantom. 

One interesting observation on the — line-pair 
measurements is that the fastest system, Agfa STG- 


normal operating kVp levels. 

The numbers in the Kodak study were less than 
originally planned because of difficulties with the supply 
of test film. Thirty IVPs and 35 bone examinations were 
done rather than the planned 50 of each. Bone 
assessments were done on the [VPs as well as the pure 
bone examinations, making 65 bone examinations in all. 

Statistical analysis was performed using the Sign test. 


Results 

The results quoted in Tables] and H are the first 
readings by Radiologist 1. The other two readings were 
used for assessing his consistency and interobserver 
consistency. 


The Agfa STG-Lanex Regular system (Table 1) was 


Table I. Renal and bone assessment of the Agfa T-grain film 


Better shown on (no. of patients): p 


Agta RPI- 
XOMatic Regular 


Agfa STG- 
Lanex Regular 


(T-grain) (standard) 
n a 
Renal outline 16 34 0.02 
Collecting systems 9 21 NS 
Soft tissues 21 66 0.01 
Psoas shadow 11 46 0.01 
Bone margins t2 87 0.001 
Bone trabeculae i2 87 0.001 
aa 
NS = non-significant. 
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Table H. Renal and bone assessment of the Kodak T-grain film 


Lancer ESETERE EATER 


Better shown on (no. of patients): p 


Kodak TMatG~ Agfa RPI- 
Lanex Medium XOMatic Regular 


(T-grain) (standard) 
OOOO aaa 
Renal outline 22 7 0.02 
Collecting systems 12 9 NS 
Soft tissues 32 10 0.01 
Psoas shadow 23 6 0.01 
Bone margins 27 37 NS 
Bone trabeculae 23 4i NS 


OOOO E Errr aea aa 


NS = non-significant. 


found inferior in all aspects. The difference in all 
parameters reached significance. 

The Kodak TMatG-- Lanex Medium (Table H) was 
superior to the standard system in a significant number 
of cases for renal outline clarity, overall soft-tissue detail 
and clarity of the psoas shadow. Renal collecting systems 
were also better shown on a majority, although the 
difference was not significant. The bones were visualized 
better on a majority of the radiographs using standard 
films. though the difference did not reach significance. 

Reader 1 (J.M.) was highly consistent in his 
assessment of the radiographs. Reader 2 (H.L.) scored 
the T-grain radiographs as better, but with the exception 
of overall soft-tissue detail on the Agfa T-grain 
radiograph, in no case were his conclusions different 
from Reader 1, although the margins of difference were 
smaller. 

These results are all of the comparison of each of the 
T-grain films with the standard system. The two T-grain- 
based systems were not compared with each other 
directly. 


Discussion 

The factors that limit the applicability of fast screen- 
film combinations to general radiography are loss of 
resolving power and increasing mottle with the higher 
speeds (Doi et al, 1982). Intensifying screens become less 
sharp as their speed is increased because the increase iS 
achieved mainly by increasing the thickness of the crystal 
layer and the crystal size. Rare-earth screens are faster 
than conventional screens in their ideal operating range 
because the gadolinium and lanthanum oxybromides 
trap a higher proportion of incident X rays than 
conventional screen materials and also emit more light. 
Lateral diffusion of light in the screens and cross-over of 
light from one screen to the opposite emulsion layer are 
the major causes of unsharpness. The manufacturers add 
dyes to the screens, the emulsions and the film base to 
reduce cross-over, but the density of the final image may 
be 30% because of cross-over exposure (Ovitt et al, 
1975). Green-light-emitting rare-earth screens and their 
green-sensitive films have suffered more from cross-over 
than conventional systems, with typical cross-over levels 
of 30%, compared with 20% for the best conventional 
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Table HI. Ratio of speed assessments at different kVp for film—screen combinations 


kVp Agfa STG (T-grain)- 

Kodak Lanex Regular 
50 — 1.25 
55 1.25 — 
60 — 1.15 
66 Ee O - 
70 — E25 
1 2.0 = 
80 a 


Kodak TMatG (T-grain)- 
Kodak Lanex Medium 


Agfa Curix RPI (standard) 


fot 
le 


blue-light systems. It is now claimed that with the use of 
T-grain film, cross-over in the rare-earth systems has 
been reduced to 20% (Castel, Y., 1987, personal 
communication). This is claimed to reduce the 
unsharpness problems of these faster systems. 

The response of film-screen combinations to radiation 
of different energies is complex and depends on the 
filtration of the beam, the peak energy of the beam and 
the position of K-absorption edges of the compounds in 
the screen (Venema, 1979). Calcium tungstate screens 
have a nearly flat response over the range 50-120 kVp. 
Barium strontium sulphate screens increase in speed as 
kV rises from 50 to 80kVp and then fall off slightly. 
Below 65 kVp they can be slower than tungstate screens 
(Reynolds et al, 1976). Rare-earth screens increase speed 
rapidly with increasing kV from 50 to 120kVp. Below 
60 kVp they may have no speed advantage over tungstate 
or barium strontium sulphate (Reynolds et al, 1976). 

We compared two new films in rare-earth screens with 
Agfa Curix RPI in Kodak Xomatic Regular, a barium 
strontium sulphate screen that has been shown to have 
excellent resolving power (Ovitt et al, 1975). The 
Xomatic Regular is a medium-speed screen (nominal 
speed 200) with a peak efficiency around 70-80 kVp. 

The resolving power of the Agfa test system was found 
to be disappointing. Its performance on bone detail 
especially was significantly inferior to the standard 
system. There was no appreciable mottle. The film had a 
“broad-latitude” look, but on detailed examination its 
soft-tissue detail was also inferior. 

The Kodak T-grain film was used with Lanex Medium 
screens and performed better than the Agfa STG—Lanex 
Regular combination. It was better than the standard 
system for IVP work, and especially for soft tissues, but a 
httle worse for bones, although the difference in bone 
detail did not reach statistical significance. 

The speed of the rare-earth systems is of interest. 
Table HI shows their speeds relative to the standard 
system at a range of kVs. For this comparison. the speed 
of the standard system is taken as 1. It is seen that in the 
55-66 kVp range the Agfa STG-Lanex Regular 
combination had minimal speed advantage over the 
standard system. It is in this range that most of our IVP 
work and a substantial part of our skeletal work is done. 
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It achieved a 2:1 speed advantage at 77kVp, which 
means that its speed advantage is substantial in the range 
where barium work, angiography and chest radiography 
are performed. However, for the bulk of general 
radiography it has little speed advantage over a system 
based on barium strontium sulphate screens, and this 
combined with its rather poor detail performance means 
that the fastest system proved unsatisfactory from every 
point of view. 

The Kodak TMatG—Lanex Medium combination also 
failed to deliver a significant speed advantage over the 
standard system. It did, however, perform better on IVP 
work and in particular on soft-tissue detail. It was not 
quite as good on bone detail. Although the difference 
here did not reach statistical significance, the standard 
system was preferred by both readers in a majority of 
cases. 

We have limited scope to comment on the possible 
influence of varying kilovoltage or processing conditions 
on our conclusions. Kilovoltage is chosen to suit the 
examination rather than the imaging system. In 
intravenous pyelography a low kilovoltage is used to 
maximize soft-tissue detail and to suit the special 
absorption characteristics of the 1odine-containing 
contrast media. If an imaging system is to be useful in 
IVP work it must work at low kVp. The Lanex Medium 
screen clearly does work well at low kVp, although it 
brings no real speed advantage in this range. The Lanex 
Regular-based system does not work well in the kVp 
range we used, and we are unable to comment on how it 
would perform in its ideal operating range above 80 kVp. 

In processing there are more potential variables than a 
clinical study like this can address. Both manufacturers 
were satisfied with the processing conditions in use in the 
department. Test films developed in Agfa chemicals 
showed a slight speed change but no detectable change in 
image quality. 

In conclusion, our tests were on two film—screen 
combinations, and not on the film in isolation. We 


IVP work. However, we do not yet feel justified in 
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recommending this combination for general purpose use 
because of our reservations about its performance in 
bone work. 
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Radiobiological assessment of permanent implants using 
tumour repopulation factors in the linear-quadratic model 
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Abstract. By combining existing linear-quadratic equations relating to decaying-source therapy with an assumed tumour 
repopulation factor, it has been possible to devise a method for the radiobiological assessment of permanent implants. For 
calculation purposes there is a time after which an implant can no longer be considered effective in sterilizing tumour cells. This 
“effective” treatment time for a permanent implant can be approximately defined in terms of the radionuclide decay constant, the 
potential doubling time, the initial dose-rate and the value of 2 in the tumour a/f ratio, The analytical technique has been applied to 
a specific intercomparison of commonly encountered implants using I and Au, and suggests that, even in the most favourable 
cases, the former radionuclide offers few radiobiological advantages. Although not specifically discussed here, the method can also 
be applied to the assessment of various forms of biologically targeted radiotherapy. 


Radiotherapy treatment with permanently implanted 
decaying sources has been performed for many years, 
especially with nuclides such as Au and Rn. More 
recent interest in the technique has been generated by the 
advent of implantable sources with much longer half- 
lives, particularly '“I. A number of authors have drawn 
attention to the apparently good local control which is 
achievable by treating with “I, but it remains a fact that 
the radiobiology of such treatments is very poorly 
understood, and indeed has been questioned (Giles & 
Brady, 1986). 

A method for assessing falling dose-rate treatments in 
terms of the linear-quadratic (LQ) formalism has been 
presented in an earlier article (Dale, 1985). That analysis 
showed that therapeutic benefit is generally to be 
expected by protracting treatment, since the effect of low 
dose-rate is similar to the effect of small dose/fraction in 
fractionated therapy, i.e. there is greater opportunity for 
the late-reacting tissues (those with low x/ß ratios) to 
repair during the course of the whole treatment. In 
principle therefore, ultra-low dose-rate can be expected 
to give the best therapeutic ratio, but this generalization 
will only hold if tumour repopulation is small during the 
course of the treatment. For nuclides such as '**I (half-life 
60 days) the period over which the whole dose is given is 
of the order of several months, during which time even 
tumours which are slowly dividing can be expected to 
exhibit considerable growth. 

It therefore follows that an adequate radiobiological 
description of the effects of treatment with such sources 
must take account of concurrent tumour repopulation. 
The aim of this paper is to demonstrate how this might 
be accomplished within the formalism of the LQ method, 
and to discuss the implications of the findings. 


Method 


A possible way of incorporating a time factor in the 
fractionated LQ model has been discussed in general 
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terms by a number of authors (Thames et al, 1983: Travis 
& Tucker, 1987; Wheldon & Amin, 1988). This approach 
has recently been examined in rather more detail (Dale, 
1988) and applied to low-dose-rate continuous therapy 
as well as the various forms of fractionated therapy. 
Although the case of falling dose-rate was not 
specifically examined, it was shown that, for any type of 
treatment, the tumour extrapolated response dose 
(ERD), as defined by Barendsen (1982) in terms of the 
relative effectiveness per unit dose (RE). could be 
calculated from the relationship 


ERD = total dose x relative effectiveness 
— repopulation factor 


Le. ERD = TD x RE — RF (1) 


Since ERD is related to the logarithm of the surviving 
fraction of cells, the tumour ERD should be as high as is 
allowable without exceeding the late-tissue tolerance. 
The expression to use for the RE is dependent on the 
type of therapy involved. The repopulation factor, which 
in this context is expressed in the form of the dose which 
is “wasted” in combatting concurrent repopulation, may 
be calculated on the basis that exponential growth of the 
tumour takes place during the treatment, and may be 
obtained from: repopulation factor (in Gy)= KT, where 


K = 0.693/(a@) (2) 


a is the numerator (in Gy~') of the «/f ratio, ® is the 
clonogenic cell doubling time (days) and T is the overall 
time of the treatment (days). Note that the relationship 
between K, æ and ® takes the form of Equation 2 because 
of the particular definition of ERD used in the LQ 
formalism (Dale, 1988); no mechanistic relationship 
between these variables is implied. 

Since cell loss factors (Steel, 1977) may not be known 
with any certainty, it is not unrealistic to use potential! 
doubling times for ®. Potential doubling times can be 


24] 


very short eee 1988; Wilson et al, 1988), and 
figures of less than 5 days are not uncommon. Similarly, 
Marchese et al (1987) and Steel et al (1987) have reviewed 
x values for tumours and found them to cover a wide 
spread of values, although a value of 0.25Gy"' is a 
reasonably representative value for some applications. 
Because of the uncertainties in both x and © it is clear 
that K itself can take a wide range of values. However, by 
taking various combinations of « and Ð and calculating 
K. it is apparent that a K value of around 2 Gy day `` 
corresponds to a particularly fast growing and/or 
insensitive tumour, whilst K values of around 0.2 or less 
correspond to more sensitive and/or slow growing 
tumours. 

The first question to be addressed when considering a 
permanent implant is: what is the effective treatment 
ume? We can approach this by calculating the dose-rate 
below which the treatment ceases to sterilize tumour 
cells. Since the LQ tumour regrowth rate is given by 
K Gy day ' (Equation 2), the treatment effectively ends 
when the rate of change of the product (TD x RE) ts 
equal to K. The full mathematical expression for this 
factor is extremely complex, but for the purpose of the 
following we may assume that its value at any time is 
approximately equal to the instantaneous dose-rate. 

For an exponentially decaying implant the dose-rate 
(R) at time ¢ is given in terms of the initial dose-rate Ra 
by 

R, = R,exp(— åt) (3) 


where 4 is the radioactive decay constant of the 
sarticular nuclide used. By combining Equations 2 and 3 
we can calculate the effective treatment time (4y) as being 
the time at which R, falls to K, Le. 


= —[In( K/R,)]/4 (4) 


if there are any cells left unsterilized at time tg then H 
must be assumed that the treatment has failed. Thus the 
efficacy of the treatment should be judged by calculating 
the tumour ERD given in time fa. irrespective of how 
much more dase is delivered by the implant after this 
time. Also, since repopulation is occuring during the 
effective treatment time, the repopulation correction to 
subtract is given by Kium 

The total dose (TD) delivered in time ty is given by: 


TD = (R,/A) [1 = exp(tn)] (5) 


and the RE is given by an equation derived by Dale 
(1985), viz. 


RE = 14[2R,Aiu—A(a/p)] x Ax (B-C) (6) 
where 
A = JA] —exp{(— åta) 
B = [] —exp (24ta) 2A 
C = {1 = exp [— talu + AN MUA 


In the above equations y is the tumour damage recovery 
constant, related to the recovery half-life (7,.) by 
p= 0.693/T, > 

Assuming respective a/f and T,, values of 10 Gy and 
1.5 h for tumour, and a range of K values between 0 and 
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Table I. Calculated values of ¢,, and tumour ERD for varying 
repopulation factors (expressed as Gy day ') 


ep sae AANDE OETAN AAAA OEEO i tl SE SAPHIRA EEA AEAEE 


K (Gy day ') lon (dags) ERD (Gy) 


usi Bi 235] 


0 æ æ 162.7 (100%) 81.1 (100%) 

0.05 312 229 142.7 (87.7%) 79.8 (98.4%) 
0.1 253 20.2. 128.8 (79.2%) 78.7 (97.0%) 
0.25 173. 16.7 97.7 (60.0%) 76.0 (93.7%) 
0.5 113 140 62.6 (384%) 722 (89.0%) 
I 53.2 11.3 22.1 (13.6%) 65.9 (81.3%) 
1.5 IRI 97 3.9 (24%) 60.7 (74.8%) 
%: 4 10) = 48.2 (59.4%) 





For +75] the assumed target dose is 160 Gy, corresponding to 
an initial dose rate of 1.848 Gy day~'. For +° Au the assumed 
target dose is 70 Gy, corresponding to an initial dose rate of 
17.97 Gy day” '. The figures in parentheses are the ERDs 
expressed as percentages of those which would be obtained if 
there were zero tumour repopulation, 


3Gy day ', values of ERD have been calculated (via 
Equation l) for two practical cases: 


(a) An I implant designed to give a total dose of 
160 Gy. 

(b) An Au treatment designed to give a total dose of 
70 Gy. 


Table I shows the calculated values of te and ERD. It 
is clear that '*Au delivers a higher ERD than “I for all 
tumours with a K value greater than about 0.4 Gy day™'. 
It is also clear that, even where I delivers the higher 
ERD, a greater fraction of the dose is wasted than is ever 
the case with '*Au. After iœ is passed, the residual 
activity in the implant continues to irradiate tissues both 
within and outside the treatment volume, and normal 
tissues are thus being irradiated unnecessarily. This is 
particularly the case with I, even for the more sensitive, 
slowly growing tumours. Furthermore, in these 
examples, it has been assumed that there is no time delay 
before the onset of clonogenic tumour proliferation. If 
relatively short delays do occur after the initiation of 
treatment then they will tend to push the balance even 
more in favour of Au, since a smaller number of 
tumour cells would need to be sterilized within the 
effective treatment time of the nuclide. 

It is possible that a lower T,, might be more 
appropriate for tumours (Dale, 1987; Steel, 1987), and 
Table I has therefore been re-assessed with 7,,~ 0.5 h. 
The ERD values for I are almost unaltered, whilst 
those for '*Au are around 9-14% lower. The general 
conclusions relating to these particular treatments are 
therefore not substantially dependent on the selected 
value of T». 


Discussion 

The increasingly widespread use of permanent 
implants of I poses an interesting radiobiological 
challenge since more physical and biological factors have 
to be included in an assessment of the technique than is 
the case in most other clinical treatments. By combining 
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existing LQ equations for analysing falling-dose-rate 
treatments with a mathematical description of the dose 
equivalent of repopulation during treatment, it has been 
possible to assess the particular areas where '*I might be 
expected to show a clear clinical advantage. 

In the light of the above analysis it does appear that 
the general clinical practice of delivering high doses with 
this nuclide (typically 140-200Gy) goes some way 
towards offsetting what might otherwise be considered 
disadvantageous properties of the nuclide. In 
radiobiological terms the long protraction associated 
with an I implant does not appear to offer many 
advantages over shorter-lived nuclides, and the 
proportion of the dose given which is wasted on the 
tumour, but which nevertheless continues to irradiate 
closely adjacent normal tissues, will often be substantial. 
However, there will be a sharper fall-off in dose at greater 
distances from an '*I implant, which might be of some 
advantage if supplementary external irradiation is to be 
given. 

Since Į] gained much of its initial clinical popularity 
in prostatic implants (Hilaris et al, 1977), special 
consideration should be given to that case. Trott and 
Kummermehr (1985) have reported a potential doubling 
time for prostatic tumours of 30 days. Assuming an « 
value of between 0.1 and 0.25 Gy~' we have a “working” 
K value of around 0.2Gy day~'. From Table I this 
corresponds to an I tumour ERD of approximately 
100 Gy. Assuming for the moment that there is no 
significant repopulation of late-reacting tissues over the 
course of the entire treatment (i.e. that fg is very large for 
such tissues) and that they receive the full 160 Gy, we can 
calculate the late ERD (with a/f = 3 Gy) from 


ERD = 160 x [1 + R (u +2) ia p) 


where the expression in brackets is the RE after complete 
decay of the sources (Dale, 1985) and is obtainable from 
Equation 6 by letting f go to infinity. Substituting the 
above values we have ERD,,,. = 169 Gy. 

It is easy to calculate that, for K = 0.2 Gy day~', a 
tumour ERD of around 100 Gy is achievable with '*Au 
with only a modest increase in total dose, /.e. from 70 to 
87 Gy. [The ERD increases more than might be expected 
from the pro rata increase in dose on account of the 
increase in RE associated with the higher initial dose-rate 
(Equation 6).] The late-reacting ERD with the gold 
implant can then be calculated and is 145 Gy, ie. still less 
than the 169 Gy associated with the '*I implant. It 
therefore appears that 87 Gy delivered with an Au 
implant is capable of achieving similar effects on prostate 
tumours as 160 Gy from '**I, and yet with the probability 
of less damage to nearby late-reacting tissues. The case 
for '“I is thus by no means clear-cut, even for a relatively 
slowly dividing tumour where the nuclide might be 
expected to show a clear advantage. [It is interesting to 
note that ''Cs (Henschke & Lawrence, 1965), which 
emits photons of similar energy to '*I, appears to be 
radiobiologically superior to the latter on account of its 
shorter half-life of 9.7 days. The advantages of using a 
soft X-ray emitter are therefore retained with "Cs 
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without incurring such large radiation wastage problems 
caused by tumour repopulation (Dale, 1985). 

Obviously much of the numerical basis of the 
argument presented in this paper must remain 
speculative at present, even though the general 
observations relating to long-term irradiation might 
seem reasonable. In addition to the uncertainties 
associated with individual patient parameters and the 
way in which they change with the degree of hypoxia 
(Cohen & Creditor, 1983), there remains the possibility 
that the LQ formalism itself is an inadequate description 
of the processes involved. Moreover, there is always a 
real difficulty in defining the dose in interstitial implants, 
since dose gradients are very large and are not easily 
allowed for within analytical models. The availability of 
more experimental data will enable some of these 
questions to be answered and, in addition to shedding 
more light on the efficacy of '*I implantation, will assist 
in determining whether the method described here has 
broader validity in examining the analytically similar 
problem of targeted antibody therapy. 
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Abstract. Ten cases of angiofibroma treated by irradiation are reported. Relief of symptoms occurred by the end of treatment in 
eight patients. Objective regression was much slower, six having visible disease for greater than 6 months and four for at least | year. 
Only one was symptomatic. Radiological resolution lagged behind clinical improvement and was complete in only one of three 
asymptomatic patients evaluated by computed tomography (CT) at between 2 and 3 years after treatment. The significance of these 


residual masses seen on CT is unclear. 


Angiofibromas are uncommon, accounting for between 
one in 5000 and one in 6000 ear, nose and throat 
admissions (Hora & Brown, 1962). They are highly 
vascular, locally invasive, non-encapsulated tumours, 
with a marked male predilection (Patterson & Durham, 
1965). Their management is controversial. Observation 
with expectation of spontaneous resolution at puberty 
and hormone manipulation have been tried, but only 
anecdotal responses reported (Jafek et al, 1973). Surgery 
may be accompanied by significant bleeding and local 
recurrence*rates vary from 25% to 50% (Biller et al, 
1984). Irradiation has been successfully used in intra- 
and extracranial disease (Briant et al, 1978). 


Patients and methods 

This retrospective review includes all patients with 
angiofibroma treated at Cookridge Hospital between | 
January, 1975 and 30 June, 1987. The analysis was 
undertaken to assess the effectiveness of irradiation, the 
rate of tumour regression, both clinically and 
radiologically, and the morbidity of treatment. 


Patients 

Ten patients were referred to Cookridge Hospital. 
They were all male with a median age of 15 years (range 
9-16 years). Epistaxis and nasal obstruction were the 
commonest presenting features (TableI). In seven 
patients there was a delay greater than 12 months 
between first symptoms and presentation to hospital. 
Three had had polypectomy prior to referral for 
irradiation, one a grommet insertion and one external 
carotid artery ligation. Nine patients had computed 
tomography (CT) scanning (seven pre-irradiation) and 
four had arteriography. Biopsy was obtained in six cases. 
In four patients, there was evidence of intracranial 
spread and three had orbital involvement. Nine patients 
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Table I. Symptoms 


Teemaan 
Symptom No. of patients 





Nasal obstruction 
Epistaxis 

Cheek swelling 
Impaired hearing 
Mouth breathing 
Nasal discharge 
Headache 
Double vision 


had bone destruction and more than one bone was 
eroded in seven. 


Treatment 

Treatment using either a telecobalt source or 
megavoltage X rays (6 or 8 MV) was given using a beam 
direction shell. The volumes covered all tumour 
extensions with generous margins and uninvolved 
sensitive structures, e.g. eye and brain stem, were 
shielded. Check radiographs of the irradiation fields and 
measurements of eye doses were carried out. Doses used 
ranged from 30 Gy in 15 fractions over 21 days to 40 Gy 
in 20 fractions over 28 days. All patients were followed 
up regularly and seven had post-treatment CT scans. 


Results 

The treatment was well tolerated, a short break being 
necessary in only one patient. Relief of symptoms was 
usually achieved during the course of irradiation (eight 
cases). Symptomatic improvement did not occur until 3 
and 6 months after treatment in the remaining two cases. 
Objective regression was delayed for up to 20 months in 
four patients and visible disease was present in six at 6 
months, although only one was symptomatic (Table H). 
Regression of the tumour radiologically was much 
slower. Six patients had CT scans within the first 9 
months of completing treatment and disease was present 
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Table IL Regression time 





No. of patients 


= & months 
> months. < 2 months 
>12 months, <20 months 


oe b fe 


“se 


Persistent 
abnormality 


No. scanned 


< & months 3 3 
>ü months, <12 months 3 3 
>17 months, < 24 months 4 4 
> 24 months, < 36 months 3 2 





in all. Only one was symptomatic. Four of these patients 
were rescanned between | and 2 years after irradiation. 
All, although asymptomatic, showed an abnormality. 
This was persistent in one patient at 28 months (Fig. 1) 
and in another at 34 months. A repeat scan was not 
performed in the remaining two cases. One patient had 
only one follow-up scan at 30 months, which was 
negative. Median follow-up was 46 months with a range 
of 8-141 months. The only treatment complication 
encountered was the development in one patient of 
unilateral cataract which required surgery; in another a 
posterior lens opacity was detected. Both had 
involvement of the orbit by tumour and no eye shielding 
was employed, 


Discussion 
The results reported in this series of patients confirm 
the effectiveness of irradiation in the treatment of 


A.C. R. Robinson, G. G. Khoury, D. V. Ash and B. D. Daly 


angiofibromas. Careful planning of irradiation fields to 
include all sites of tumour extension with shielding of 
critical structures where possible is essential to achieve 
optimal control. The lowest radiation dose is unclear. 
Doyle et al (1977) used 15 Gy without effect. Sinha and 
Aziz (1978) described local control in six out of seven 
patients following 30-36 Gy in 15 fractions in 3 weeks 
and Cummings et al (1984) found 30-35 Gy in 14-16 
fractions in 3 weeks to be effective. Our data also suggest 
that only moderate doses are required. Acute toxicity in 
our series was minimal. On follow-up, one patient has 
developed cataract requiring surgery. No second 
malignancies or endocrine complications have been 
noted but longer evaluation 1s needed. Experience with 
patients reviewed for up to 26 years has shown no 
significant impairment of growth or endocrine function 
(Cummings et al, 1984). 

Despite rapid symptomatic relief, the majority of our 
patients had clinical evidence of disease for at least 6 
months following treatment. Persistence of residual 
abnormality on CT for greater than | year occurred in all 
five cases evaluated at this time, but all remained 
asymptomatic. Cummings et al (1984) reported six 
patients with soft-tissue masses on CT at intervals of 
from 3 to 15 years after irradiation. Biopsy of one lesion 
showed fibrous tissue only and these authors 
recommended a watching policy for asymptomatic 
residual disease. We agree with this. Bryan et al (1981) 
have noted similar soft-tissue masses on CT in a group of 
five patients monitored for up to 5 years following 
irradiation. The findings of both of these studies and our 
own results indicate that the true significance of the 
residual tumour masses seen on CT following irradiation 
is as yet unclear. 








(a) 





(b) 


Figure L (a) Post-contrast coronal computed tomogram prior to treatment. The nasopharynx is completely filled with tumour (star) 
with erosion of the medial pterygoid plate bilaterally (small arrows) and extension into the sphenoid sinus (large arrow). (b) Post- 
contrast coronal computed tomogram Í year after irradiation. Considerable improvement has occurred although a tumour mass 
persists in the nasopharynx (arrow). The medial pterygoid plates now appear normal, 
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Conclusions 

Treatment with irradiation is effective for both intra- 
and extracranial angiofibromas and is associated with 
minimal morbidity. It should be considered for initial 
management of these patients. Computed tomography is 
of value in defining disease extent but its role in the 
follow-up is unclear and is best reserved for those with 
persistent symptoms. 
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Abstract. Retrospective analysis of computed tomographic (CT) examinations in 76 children with cerebral palsy without any severe 
intellectual handicap has revealed abnormalities in 63% of these children; abnormalities were present in 88% of former pre-term 
infants. This study highlights the significant pathogenic role of periventricular leucomalacia in cerebral palsy, since in 45% of the 
cases of this series this diagnosis had been reached as a result of a characteristic CT appearance associated with a history of 
premature birth and very specific clinical deficits, The CT abnormalities, mostly posterior and generally bilateral and symmetrical, 
affect the contours of the lateral ventricles, which become straight and angular, and often involve ventriculomegaly (85%). 
Localized juxtaventricular hypodensities were only found in a few cases (6%). The cognitive and intellectual sequelae in these 
children were more severe than in those children whose CT examination was normal, and were also more pronounced when the 


longitudinal fissure of the cerebrum was enlarged. 


This retrospective study was carried out to evaluate the 
abnormalities on computed tomography (CT) observed 
in cerebral palsy in children. The description and 
analysis of the underlying lesions have practical 
implications in that an improvement in prognosis can be 
expected through earlier rehabilitation adapted to 
the anatomical lesions. Computed tomographic 
investigations were carried out in children aged 7 months 
to 15 years with cerebral palsy but without severe mental 
retardation. The findings were correlated with possible 
prematurity, cognitive function and clinical deficits in an 
attempt to relate the CT appearances to the extent of 
psychomotor and intellectual impairment. 


Material and methods 

The study population of 76 children included 32 girls 
and 44 boys who were being followed in a Paediatric 
Department of Neurological Rehabilitation from the age 
of at least 2 years. Computed tomographic scans had 
been obtained for all patients between 1980 and 1985 
when their ages ranged from 7 months to [5 years. 

These children with cerebral palsy by definition 
presented non-progressive motor handicap subsequent 
to neurological injury occurring in the first year of hfe 
and, more particularly in this series, during the perinatal 
period. Only those children with no or moderate 
intellectual handicap were studied, since they were 
suitable for “interactive” rehabilitation. The criterion for 
inclusion was an IQ-DQ (intelligence quotient or 
development quotient) equal to or greater than 60. Three 
groups were defined with IQ-DQ values of 60-75, 76-90 
and > 90, 

The motor handicap of these children was spastic in 
73, mixed in two and athetotic in one. This handicap was 





Reprint requests to Dr E. Schouman-Claeys, MD, Hopital 
Raymond Poincare, F-92380 Garches, France. 





248 


classified according to the usual manner as follows: four 
limbs (tetraplegia), paresis of all four limbs but more 
severe in the legs (diplegia), lower limbs (paraplegia) and 
one half of the body (hemiplegia). The extent of the 
handicap was classified by Hansen’s method: slight (A) 
moderate (B) and severe (C). 

Forty-one of these children (53.9%) were born 
prematurely at between 28 and 36 weeks. 

The children were evaluated by a standard 
neurological examination with a horizontal ocular 
motility test, speech tests and exploration of co- 
ordination and visual gnosia. Intellectual and cognitive 
functions were evaluated in infants up to 3 years of age 
according to the Brunet-Lezine scale, from 3 to 5 years 
with the Termann—Merill test and over 44 years against 
the Wechsler scale. 

The CT investigations were assessed by a team of four 
radiologists including two paediatric radiologists. Two 
successive analyses were made with random presentation 
of the cases, first without and then with knowledge of the 
clinical data. Interobserver variations were not taken 
into account, but in the event of significant differences, a 
consensus was reached after review. 

The following basic abnormalities were sought. 


1. Subtentorial level: parenchymatous abnormalities 
with direct signs of atrophy or hypodensity, 
enlargement of the cisternae, dilatation of the fourth 
ventricle. 

. Supratentorial level: abnormalities in the density of 
the white or grey matter, enlargement of the cortical 
sulci or the longitudinal fissure of the cerebrum or of 
the Sylvian fissures, abnormalities in the size or shape 
of the ventricles. 


Dad 


The size of the lateral ventricles was rated on a scale 
from 0 (normal) to 3 (extensive dilatation). The thickness 
of the periventricular white matter was not taken into 
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Figure 1. Characteristic abnormal pattern of the lateral 
ventricles resulting from periventricular Jeucomalacia in a 4- 
year-old child showing moderate enlargement of the ventricles 
in the posterior part of the ventricular body and in the atrium, 
which is stretched and angular 


account since it was often quite difficult to assess it 
accurately. 

Correlations between radiological findings and clinical 
data were statistically analysed using variance 
calculations or the y? test and Scheffe’s S-method for 
comparing paired means, with a first-order error of 5%. 


Results 

The CT investigations were normal (Group 1) in 28 
cases (36.8%) and abnormal in 48 cases (63.2%). Almost 
all the abnormalities detected were located in the 
supratentorial area and could be divided into two 
groups: Group 2 (34 cases) were stereotype abnormalities 
and Group 3 (14 cases) included miscellaneous 
abnormalities. 

Group 2 was noteworthy for abnormalities of the 
lateral ventricles with characteristic changes generally 
associated with ventriculomegaly (Figs1, 2). The 
contours of the external walls of the ventricles had lost 
their normal curvilinear appearance to become straight 
and rectilinear. The abnormalities were more prevalent 


Table I. Distribution and extent of ventricular dilatation for 
Group 2 
IE 


Region No. of ventricles dilated and extent 
Slight Moderate Severe 

Frontal 12 2 - 
Anterior part of 

the ventricular body 31 14 
Posterior part of the 

ventricular body I8 35 2 
Atrium 24 2 6 
Occipital horn 19 2 
Temporal horn 4 2 


i 
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lateral 


Figure 2. Characteristic abnormal pattern of the 
ventricles resulting from periventricular leucomalacia in a 3- 
year-old child showing extensive dilatation of the lateral 
ventricles predominating in posterior regions and angular 
contours of the ventricular walls. 


in the posterior part of the ventricular bodies and in the 
atria, which had a stretched, angular appearance 

Ventricular dilatation was assessed in 68 hemispheres 
as being absent (15%), minimal (23%) moderate (41%) 
or severe (21%). Ventricular dilatation, generally 
bilateral (91%) and generally symmetrical (83%), 
predominated in the posterior part of the ventricular 
body (100%) and the atrium (93%) (Table I) 

In 14 (41%) of the patients, alterations in the ventricles 
were accompanied by enlargement of the longitudinal 
fissure. In addition, two children presented a limited. 
unilateral hypodensity abutting the external or superior 
wall of the lateral ventricle in the posterior parietal area 
(Fig. 3). Finally, three children from this group also 
presented an extensive hypodensity in the white matter 
around the entire periphery of the lateral ventricles 
(Fig. 4). These children were considerably younger than 
the average age in Group 2 (13 months versus 6l 
months), 

Unlike the monomorphic appearance of Group 2, 
Group 3 (14 cases) included cases of miscellaneous 
abnormalities such as localized hypodensity of 
superficial or deep vascular topography, such as those 
found in Sylvian ischaemia (eight cases of which four 
Shared hypodensity of the basal ganglia), bilateral 
subcortical-cortical atrophy (two cases), isolated cortical 
atrophy (one case), and isolated dilatation of the lateral 
ventricles (three cases, two minimal! and one major). 

Premature birth in relation to the general population 
in the study (54%) was significantly lower in Group | 
(5/28=18%) and in Group 3 (3/14=21%) than in 
Group 2 (33/34=97%). 

A specific clinical picture was determined for the 34 
children in Group 2 as well as for one of the 28 children 
in Group |. This included spastic motor deficiency 
generally of the diplegic form (Table II), horizontal 
ocular motor disorders basically in the pursuit disorders. 
spatial agnosia, constructive dyspraxia and a particularly 
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Figure 3, 


Irregular outlines of the posterior part of the 


entricular bodies resulting from periventricular leucomalacia 


na ¥-vear-old child 


frequent dissociation between verbal IQ, which was 
that of performance. These last 
abnormalities correspond to the clinical picture of child 
dyspraxia described by Ajuriaguerra (Stambak et al, 
1964) 

The average 1Q-DQ (Table I1) of the children in 
was significantly less than that of those tn 
0.05) 


norma! and 


Group 
Group | (p: 


lable I Distribution of the type of cerebral palsy by groups 


LT 


Group Total 
(76 
| |] II] cases) 
28 cases 14 cases 14 cases 
(37%) (45%) (18%) 
Spastic 
tetraplegi 4 3 7 
liplegi 6 | 5 32 
paraplegic j 8 | lo 
hemiplegic 9 5 4 IX 
A thetosis | | 
Mixed form | | 2 





k 


Figure 4. Well delineated hypodensity (arrow) abutting the roof 
of the posterior part of the ventricular body, associated with 
modifications in the pattern of the lateral ventricles, resulting 
from periventricular leucomalacia in an 8-year-old child. Note 
the decrease in the thickness of the white matter in the centrum 
semiovale 


The extent of the motor handicap did not appear to 
differ significantly from one group to another (Table IV). 
However, there was no case of any major handicap in 
any child. It should be noted that a certain experimental 
bias due to patient selection was present in this study, 
since 1Q-DQ values for these children were equal to at 
least 65 

Given the homogeneity of Group 2, we sought to 
determine prognosis from the CT appearance. It appears 


Table III. Distribution IQ-DQ values by groups 


ĖS 


Group 

| I] II} 

28 cases 34 cases 14 cases 
IQ-DQ 60-75 7 22 N 
1O-DO 76-90 15 7 3 
1O-DQ >90 6 5 3 
Average 1Q-DQ 85415 7613 78 + 14 
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Table IV. Distribution of the extent of cerebral palsy by groups 





Extent of deficit Group 

I H H 

28 cases 34 cases 14 cases 
Slight 9 5 4 
Moderate 19 29 10 
Severe 0 $ 6 





from Table V that the majority (13/14=92.9%) of the 
children whose longitudinal cerebral fissure was enlarged 
(that is who presented a frontoparietal atrophy) 
belonged to the class with the lowest IQ-DQ values. 
These values were no higher than 80 for any of these 
children. On the other hand, the children whose 
longitudinal fissure was normal were less likely to have 
low TQ-QD values (9/20 = 45%) and children with a high 
1Q-QD were only found in this group (corrected y? test: 
p<0.02 with a threshold IQ-QD value of 75.5). 

No significant relation could be determined between 
the extent of ventricular dilatation and the IQ-QD 
values nor between the size of the ventricles and that of 
the longitudinal fissure of the cerebrum. 


Discussion 

The overall sensitivity of CT in the retrospective 
aetiological diagnosis of cerebral palsy proved to be 
fairly poor, since only 63% of the 76 children presented 
CT abnormalities. These results are very similar to those 
reported by Taudorf et al (1984), who found an overall 
sensitivity of 67% out of 83 cases of spastic cerebral 
palsy. 

However, the rate of abnormalities that can be 
detected by CT is much higher (88%) if the examinations 
of former pre-term children only are considered. In this 
sub-group, 33/36 (92%) of the examinations presented a 
stereotype appearance forming a single entity (Group 2). 
It is possible to formulate a series of arguments to relate 
these abnormalities to the sequelae of periventricular 
leucomalacia (PVL), corresponding to neonatal 
periventricular white matter ischaemia, as follows. 

(1) Children in Group 2 were, in the vast majority of 
cases (97%), former premature births (23 born before 34 
weeks and 10 between 35 and 36 weeks). Periventricular 
leucomalacia is basically a condition of the pre-term 
infant (Banker & Laroche, 1962) whose immature 
haemodynamic regulatory system provides insufficient 
encephalic protection (De Reuck et al, 1972). 

(2) These children all have a handicap for which 
analytic semiology (Picard & Lacert, 1985; Picard et al, 
1987) corresponds precisely to the topography of the 
lesions described in PVL, i.e. the superoexternal angles of 
the lateral ventricles (Banker & Laroche, 1962). This area 
is extremely vulnerable in pre-term infants as it is 
vascularized by a terminal irrigation system, as a result 
of the immature development of the anastomotic 
network between the ventriculopetal and ventriculofugal 
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Table V. Relation between enlargement of the longitudinal 
fissure of the cerebrum and the IQ-DQ values for Group 2 

Aa AAO EEE E E O N 
IQ-DQ value No. of cases 

Enlarged fissure Unenlarged fissure 


60-75 13 9 
76-90 I 6 
> 90 a 5 


arterial branches (De Reuck, 1972, 1984: Takashima & 
Tanaka, 1978). 

(3) The CT scan abnormalities seem to be consistent 
with the anatomical evolution of PVL, with gliosis and 
thinning of the periventricular white matter in the 
posterior regions resulting in the dilatation of the 
adjacent lateral ventricles (Banker & Laroche, 1962). 
Periventricular cavities are rarely visible at this stage and 
we only found them in two children in the form of 
localized periventricular hypodensity. This can be 
explained by the unsuitability of transverse CT sections 
for visualizing the lesion topography, and also by the 
natural tendency of cavities to collapse (De Reuck et al, 
1972). 

Similar CT findings in PVL have been reported 
previously in more limited series (Schellinger et al, 1984: 
Taudorf et al, 1984; Flodmark et al, 1987). In the study 
carried out by Schellinger et al (1984), ultrasound 
correlation provided confirmation of the reliability of CT 
findings. Confirmation of PVL with previous ultrasound 
was possible in only two of our patients because 
neurosonography was not available for most of these 
children when they were neonates. The CT scan findings 
reported by Flodmark et al (1987) in a series of 15 
children with clinical evidence of PVL also concur with 
ours, and, moreover, emphasize two interesting 
additional patterns: reduction in quantity of 
periventricular white matter and deep and prominent 
sulci abutting the ventricles. 

(4) Additionally, three of the youngest children in the 
series also presented extensive periventricular 
hypodensity, which has also been reported in the 
literature in early CT investigation of PVL (Di Chiro et 
al, 1978; Estrada et al, 1980; Flodmark et al. 1980: 
Taboada et al, 1980; Martin et al, 1983; Schellinger et al, 
1984; Chow et al, 1985; Bejar et al, 1986). 

(5) Finally, 10 patients in this group, presenting with 
various severe deficiencies, underwent magnetic 
resonance examination. These are included in a larger 
series to be published. Inversion—recovery coronal 
sequences revealed thinning of — superoexternal 
periventricular white matter with hypointense localized 
areas abutting the ventricular walls. These findings 
constitute convincing evidence to support the hypothesis 
that Group 2 patients actually exhibited sequelae of 
PVL. 

This study highlights the significant role of PYL in the 
genesis of cerebral palsy. Among the 76 cases in this 
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series, 35 appear to have lesions resulting from PVL on 
the basis of past medical history and clinical deficiencies, 
and 34 show both clinical and CT evidence of this 
disorder (Group 2). Computed tomographic 
examination was normal in only one case. These findings 
are consistent with the results of studies on the future of 
pre-term infants initially examined by ultrasound. 
Graziani et al (1986) found that for 15 premature birth 
infants who later developed cerebral palsy, 13 initially 
showed sonographic signs of PVL. 


Conclusions 
In a population of children with cerebral palsy without 
severe intellectual handicap (Q-QD260), CT 


examination can contribute significantly to retrospective 
aetiological diagnosis. The rate of abnormalities is 
significantly higher (88% versus 63%) for former pre- 
term infants. It is in this group of patients that 
periventricular leucomalacia occurs, and it would appear 
that in this series nearly half of the cases of cerebral palsy 
may be attributable to this disorder. Correlation of 
radiological findings with the clincial data also reveals 
that the 1Q-DQ values of these same infants are lower 
than those of children with a normal CT examination. In 
addition, among those children suffering sequelae of 
periventricular jieucomalacia, an enlarged inter- 
hemispheric fissure carries a poor prognosis for 
intellectual and cognitive handicaps. 
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Outpatient myelography: an acceptable and cost-effective 
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Abstract. Sixty-five patients with stable low back pain had their lumbar myelography performed as outpatients, staying in the 
department for | h after the examination. The incidence of post-myelogram headache was similar to that reported for inpatients. No 
serious after-effects occurred in the study group. The vast majority of patients preferred to be at home following the study. It is 


concluded that outpatient myelography is safe, less expensive and preferred by the patients. 


We were requested by the orthopaedic department to 
consider carrying out outpatient myelography, because 
of bed shortages and difficulty in admitting patients 
overnight following their myelogram. A prospective 
study of the tolerability of the outpatient examination 
was carried out on 65 patients. 

There have been two previous studies of outpatient 
water-soluble myelography (Kostiner & Krook, 1985: 
Badami et al, 1986). Each was prospective and included 
thoracic and cervical myelography as well as lumbar 
studies, although the latter predominated. The groups 
used metrizamide as the contrast agent and the protocols 
required patients to be observed in a day-case unit for 3- 
7h following the study. The results from these studies 
indicated that minor symptoms such as headache and 
nausea were common (28% and 15%, respectively, in 
Kostiner’s and Krook’s study paper, and 57% and 36%, 
respectively, in Badami et al’s study). Major symptoms 
such as diplopia and photophobia occurred in less than 
1% of cases and no patient having lumbar myelography 
experienced a grand mal seizure. 


Materials and methods 

The patients were selected from those attending 
orthopaedic outpatients’ clinics at St Mary’s Hospital, 
the majority being referred by a single surgeon. Patients 
were considered if they were mobile and had stable 
symptoms and signs. Patients excluded from the study 
were those whose symptoms were not referrable to the 
L4/5 or L5/S1 area; other categories of patients which 
were excluded were alcoholics, epileptics, patients on 
tricyclic/MAOI drugs, patients with known contrast 
agent allergy and patients with poor comprehension. 

Sixty-five patients entered the study. Average age was 
38 years (range 23-70 years). There were 30 males and 35 
females. 

Patients attended the department in the early morning 
following a light breakfast and plentiful fluid. The 
procedure was discussed with them by the radiologist. 
The puncture was made with a 22G spinal needle and a 
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maximum of 12 ml of iohexol (240 mg ml~') was injected 
with the patient tilted feet down. The contrast medium 
was kept below the LI level. A normal series of antero- 
posterior, lateral and oblique radiographs was taken but 
no radiographs of the conus or dorsal cord were made. 

Immediately after the study the patient was seated for 


Did you find the myelogram not unpleasant 
mildly unpleasant 
moderately unpleasant 


very unpleasant 


Following the myelogram did you have any headache? Yes 
No 
If so, was it mild 
moderate 


severe 


Following the myelogram did you have any nausea or sickness? 


Yes 
No 
If so, was it mild 
moderate 
severe 
Following the myelogram did you have any back pain? Yes 
No 
If so, was it mild 
moderate 
severe 
Did you have any leg pain following the myelogram? 
Yes 
No 
Would you have preferred to stay overnight in hospital? 
Yes 
No 


Do you have any other comments regarding your myelogram? 


en Alt M EEEE ANARIN Ai AAA A r m A AEA A mr m A TA Hania aeee rus 


Figure 1. Patient questionnaire. 
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% of patientis 


not mildly moderately very 


unpleasant 


Figure 2. Tolerability of myelogram. 


i him the department. They were then re-interviewed by 
the radiologist who noted their symptoms at that time. 
They were given a questionnaire (Fig. 1) and allowed to 
go home, with an escort. They were instructed to sit or 
stand for & h following the procedure and to remain well 
hydrated, They were requested to return their symptom 
questionnaire 4 days after the myclogram. 

The patients were given a form, stating what 


% of patients 





moderate 


none mild severe 


Figure 3, Incidence of headache following myelogram., 





procedure had been done and explaining the symptoms 
that might be expected following the myelogram. The 
form also gave a contact telephone number for further 
advice. 


The questionnaire 

simple everyday language was employed, and 
subjective responses from the patients were encouraged. 
Certain direct questions pertaining to the known 
common side-effects were included and the patient was 
asked to give an overall reaction to the experience. 


Results 

Sixty-three patients (97%) returned their question- 
naires. The results are shown in Figs 2-5, In addition, 36 
patients (55%) experienced leg pain following 
myelography and 60 patients (93%) said they preferred 
to go home rather than stay overnight in the hospital. 


Discussion 

The majority of our patients found the myelography 
procedure itself tolerable. A minority of patients 
reported unpleasant post-study symptoms. The age, sex 
and preceding symptoms of the patient did not make any 
statistically significant difference to the post-study 
symptoms, nor did the radiological findings (analysis by 
Wilcoxson’s rank sums test). The overwhelming majority 
of patients preferred to go home rather than to be 
admitted following their myelogram. In relation to this it 
was reassuring for the patients that the myelogram was, 
unlike hospital admission, certain to take place on the 
date specified. 


Yo Of patients 





moderate severe 


mild 


Figure 4. incidence of back pain following myelogram. 
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Figure 5. Incidence of nausea following myelogram. 


none mild 


The results from our study are not directly comparable 
with the previous studies as follow-up information in 
those was obtained via a telephone call. We feel that this 
is more likely to lead to under-reporting than over- 
reporting of symptoms. Despite this, the rates of post- 
myelogram symptoms were similar to the previous 
studies and also to reported rates for inpatient 
myelography. No serious side-effect occurred in any of 
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our patients. No patient had to be detained in hospital 
following the myelogram. 

Our protocol precluded inclusion of the spinal cord in 
the examination on the grounds that this significantly 
increases the incidence of adverse reactions (Badami et 
al, 1986). We acknowledge that back pain. leg pain or 
both is very rarely caused by spinal cord compression, 
especially from a neurofibroma in the lower thoracic 
region, and it is Our practice with inpatients to include at 
least the thoracic region in myelograms thai fail to show 
a relevant abnormality in the lower lumbar region. The 
limitation of the outpatient study to the lumbar region 
only was therefore clearly stated when no abnormality 
was found. 

The financial implications of outpatient myelography 
are significant. One night’s stay at this hospital costs 
£125 and there are various added administrative costs, 
This department carries out several hundred lumbar 
myelograms per annum and so, the potential savings are 
of the order of £40 000-£50 000 per annum. We feel that 
outpatient myelography is both acceptable to patients 
and cost-effective. 
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Abstract. The radiographic appearances of colonic staple ring anastomoses are presented. Staple ring disruption on plain 
abdominal radiographs in the early post-operative period suggests dehiscence of the bowel anastomosis and is an indication for 
urgent water-soluble contrast medium enema to confirm the diagnosis. Rectal stenosis can develop as a late complication of staple 


anastomosis and may be detected on barium enema. 


Circular ring stapling devices were first introduced by 
Russian surgeons in 1960 but have only become widely 
used since the introduction of more modern stapling 
“guns” in 1977. These devices allow lower rectal 
anastomosis than is possible with hand-sewn sutures and 
may thus avoid the need for permanent colostomy. 
Stapling guns can reduce operation time considerably 
and are also used for higher anastomoses in the recto- 
sigmoid colon for this reason, The staple gun technique 
requires considerable expertise, however, and the poor 
vascular supply to the rectum results in significant 
leakage rates in the early post-operative period. A 
temporary defunctioning colostomy is sometimes 
employed to protect the anastomosis, especially if its 
integrity is suspect. Animal studies suggest that the intact 
staple ring (Figs 1, 2) should remain unchanged for at 
least 4 weeks, and that migration of staples may occur 
after that time as a result of healing and fibrous tissue 
formation (Fain et al, 1975). Case reports of seven 
patients who demonstrate interesting radiological 
features and complications of ring staple anastomoses 
are presented. 


Case reports 
Case ł 

An 80-year-old woman had an end-to-end staple 
anastomosis of the sigmoid colon following excision of a 
diverticular mass. The anastomosis was judged 
“airtight” at surgery. A supine abdominal radiograph 
was obtained & days after operation because of 
prolonged ileus and, while otherwise unremarkable, did 
show a disrupted staple ring (Fig.3). The patient 
developed septicaemia 5 days later and a barium enema 
(Urografin, Schering AG) subsequently demonstrated 
dehiscence of the anastomosis. At laparotomy a pelvic 
abscess was drained and a permanent colostomy 
fashioned. 


Case 2 


A 74-year-old man had an end-to-end staple 
anastomosis for resection of a rectal villous adenoma. 
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The anastomosis was considered “airtight” at surgery. A 
supine abdominal radiograph obtained for unrelated 
reasons 4 days after operation showed an intact staple 
ring (Fig. 4). A further supine radiograph performed 1] 
days later, because of abdominal pain and pyrexia, 
showed disruption of the staples (Fig. 5). Leakage at the 
anastomosis site was confirmed by Urografin enema 5 
days later (Fig. 6). The patient recovered on intravenous 
feeding and antibiotic therapy. 


Case 3 

A 77-year-old woman had an end-to-end staple 
anastomosis following excision of a diverticular abscess. 
The anastomosis was satisfactory at operation. She 
became pyrexial 9 days after operation and a supine 
abdominal radiograph showed staple disruption. A 
Urografin enema | day later confirmed dehiscence of the 
anastomosis with a large leak of contrast medium into 





Figure 1. Plain radiograph showing a typical intact staple ring 
anastomosis, 
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Figure 2. An intact staple ring is demonstrated on water-soluble 
contrast medium enema (arrow). 


the pelvis. The patient required abscess drainage and a 
temporary colostomy. 


Case 4 

A 70-year-old woman had a very low end-to-end 
recto-anal anastomosis following excision of a villous 
adenoma. The anastomosis was satisfactory at surgery. 
Six days later she developed abdominal pain. Disruption 
of the staple ring was noted during a contrast enema 
(Hypaque. Winthrop) 14 days after operation which 
confirmed dehiscence of the anastomosis. Abscess 
drainage and a temporary colostomy were necessary. 


Case 5 

An 82-year-old man had excision of a rectal tubulo- 
villous adenoma with an end-to-end staple anastomosis. 
The integrity of the anastomosis was suspect at 
operation and a defunctioning colostomy was fashioned. 
Staple disruption was noted during Hypaque enema 
which demonstrated anastomotic leakage 10 days later. 


Case 6 
A 52-year-old man had an end-to-end recto-sigmoid 
staple anastomosis following excision of a diverticular 
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Figure 3. Case /. Disrupted staple ring 8 days after recto- 
sigmoid anastomosis (arrow). 


abscess. The anastomosis was considered inadequate at 
operation and hand sutures were added. A supine 
radiograph of the abdomen on the 10th day after 
operation showed staple disruption. Unaware of the 
presence of additional hand sutures, the radiologist 
suggested a diagnosis of anastomotic dehiscence. A 
subsequent Urografin enema was normal. 





3 


Figure 4. Case 2 
anastomosis 


An intact staple ring 4 days after recto-sigmoid 





Figure 5. Case The previously intact staple ring has now 


e disrupted 15 days alter surgery 


A 66-vear-old man had excision of rectal carcinoma 
with an end-to-end staple anastomosis. A barium enema 
? months after operation showed stenosis of the rectum 





medium enema 


Figure 6 (C ar 2 W iter-soluble contrast 


performed 5 days later (20 days after surgery) confirms leakage 


n 


f contrast medium trom the anastomosis site (arrow) 
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Case Barum enema 2 months after rectal 


Figure 7. 
anastomosis demonstrates early stenosis at the anastomosis site 
(arrow) 


at the operation site (Fig. 7). Sigmoidoscopy, biopsy and 
computed tomography (CT) at the level of the stenosis 
showed this to be due to fibrous tissue reaction. 


Discussion 

Plain abdominal radiographs are often requested 
when post-operative complications develop following 
rectal or sigmoid anastomosis. Leakage, as detected by 
water-soluble contrast medium enema, occurs in 
approximately 20% of all stapled rectal anastomoses 
(Kirwan. 1981: Doricott et al, 1982). Clinical leakage, 
e.g. pelvic abscess or fistula formation, varies in 
incidence between 6 and 9% in different studies 
(Waxman, 1983). In our series, four patients (Cases 1, 2, 
3 and 6) had obvious disruption of staple rings on plain 
abdominal radiographs in the early post-operative 
phase. In three patients (Cases 1-3) the staple disruption 
was a sign of anastomotic dehiscence, although this 
diagnosis was only made in each case by water-soluble 
contrast medium enema after a delay of up to 5 days. In 
Case 2 an initially normal ring (Fig. 4) became disrupted 
on a subsequent plain radiograph (Fig. 5). Doricott et al 
(1982) have described the correlation of a disrupted 
staple ring with leakage from the anastomosis site on 
water-soluble contrast medium enema performed 
routinely 9 or 10 days after operation, Two further cases 
in our series (Cases 4 and 5) also demonstrated obvious 
ring disruption at the time of water-soluble contrast 
medium enema. However, the early detection of possible 
breakdown of the anastomosis on plain abdominal 
radiographs alone does not appear to have been 
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previously described. While such a diagnosis was 
possible in Cases 1-3 of our series, this was only noted in 
retrospect after considerable delay. Case 6 demonstrates 
that a disrupted staple ring in the early post-operative 
phase is not invariably associated with anastomotic 
breakdown. In this patient the addition of hand sutures 
to an incomplete staple ring resulted in a satisfactory 
anastomosis on Urografin enema. We feel, nevertheless, 
that the presence of a disrupted staple ring on plain 
abdominal radiographs in the early post-operative 
period is suggestive of anastomotic dehiscence and, in 
the appropriate clinical setting, is an indication for 
urgent water-soluble contrast medium enema. It would 
therefore seem reasonable to recommend that a plain 
abdominal radiograph be obtained in the early post- 
operative phase in all cases of rectal or recto-sigmoid 
ring staple anastomosis, and especially when an 
unsatisfactory anastomosis is suspected at the time of 
surgery. A base-line appearance may thus be obtained 
for comparison with subsequent radiographs if 
dehiscence and infection are suspected. 

A plain radiograph of the staple ring is also useful 
prior to the water-soluble contrast medium enema which 
many surgeons request routinely at 7-10 days following 
surgery. Some surgeons do not favour this procedure and 
one anecdotal reason for this is the potential risk of 
traumatic damage to the low rectal anastomosis by an 
enema tube. The presence of a disrupted staple ring on 
an initial plain radiograph prior to tube insertion 
excludes a traumatic cause if a leak is subsequently 
demonstrated at the anastomosis. 

Rectal stenosis is a later complication of colonic or 
rectal staple anastomosis and occurs in up to 9% of all 
cases (Smith, 1981). The stenosis may be progressive and 
in extreme cases a rectal web may develop (Brain et al, 
1981). When stenosis occurs at the anastomosis site 
following resection for carcinoma, it must be 
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differentiated from local recurrence. Stenosis can usually 
be treated by sigmoidoscopic dilatation with re- 
operation rarely being necessary. Case 7 demonstrates 
early rectal stenosis 2 months following staple 
anastomosis (Fig. 7). 

In conclusion we feel that a considerable amount of 
information may be obtained from the appearances of 
the early post-operative abdominal radiograph in 
patients who have had a rectal or recto-sigmoid ring 
staple anastomosis. This information can be very helpful 
in the post-operative management of these patients, 
especially when early complications develop. 
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Abstract. The trial was designed as an investigation into the incidence of both immediate and delayed reactions to the intravenous 
administration of Conray 325 (sodium iothalamate) (844 patients) and Niopam 300 (iopamidol) (855 patients) for urographic 
examination. Information was obtained from questionnaires returned by patients about a week after their examination, with a 
response rate of 81%. Significant differences were found in the incidences of both types of reactions to the two media with respect to 
nausea and vomiting, arm pain, and taste in the mouth, which was commoner in patients receiving Conray 325, whereas the 
incidence of delayed skin rashes and parotid swelling was commoner with Niopam 300. The occurrence of a flu-like illness, so-called 


“iodism’’, was found to be equal for the two contrast media. 


A recently published study into the incidence of various 
types of both immediate and delayed reactions to 
intravenous urographic contrast media (Panto & Davies, 
1986) concluded that delayed reactions, particularly skin 
rashes, were not uncommon after urography. The 
present trial was instituted specifically to compare the 
types and incidences of both immediate and delayed 
reactions to an ionic medium sodium iothalamate 
(Conray 325, May & Baker) and a non-ionic medium 
iopamidel (Niopam 300, Bracco). 


Patients, materials and methods 

All patients aged over 18 years referred to our 
department for non-emergency urography over a 15- 
month period were included in the study, the aim being 
to have 1000 patients examined with each medium. Fifty 
millilitres of the selected medium was given rapidly (in 
approximately 30s) into an ante-cubital vein. Each 
examination was supervised by a radiologist, who 
explained the nature of both the examination and the 
questionnaire to the patient. The two types of contrast 
medium were assigned at random; this was not 
influenced by a history of previous reaction. 

Prior to the injection a brief medical history was taken. 
Specifically, patients were questioned about a history of 
cardiac disease, a history of atopy (hay fever, asthma or 
eczema), and a drug history was also recorded, including 
any sensitivities. The clinical indications for the 
examinations were recorded. An assessment was also 
made of the patient’s mental state: calm, reasonable 
anxiety or excessive anxiety. If a patient required a 
second injection of contrast medium because of 
suboptimal demonstration of the upper tracts, the 
alternate medium on the trial was used. At the end of the 
examination the patients were questioned about any 
reactions or side-effects they had noticed after the 
injection. These were divided into the following 
categories. 
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(1) Minor reactions: discomfort at the injection site or in 
the injected limb, a sensation of warmth or heat, 
flushing, a perineal sensation, taste in the mouth, 
coughing or sneezing, nausea and/or vomiting and 
faintness. 

(2) Intermediate reactions: dyspnoea, dizziness, 
palpitations, shivering, parotid swelling and abdominal 
or chest pain. 

(3) Sensitivity reactions: swelling of the face, urticaria, 
conjunctivitis, rhinitis and skin rash. 


The time between the injection and any reaction was 
recorded, as was any reaction to abdominal 
compression. The patients were also asked whether they 
found the examination generally unpleasant. If a second 
injection was required, answers were recorded on a 
separate sheet. 

Each patient was then given a questionnaire with a 
pre-paid reply envelope, and asked to complete and 
return it after a period of about a week. The 
questionnaire consisted of the following questions: 


(1) Did you have any pain in the arm after the 
examination? 

(2) If so, was it where the injection was made, or above 
this site? 

(3) How many days after the examination did it come? 
(4) How many days did it last? 

(5) Did you have a “flu-like” illness 
examination—if so, please give brief details. 
(6) Did you have any swelling of the face or pain after 
eating? If so, please give brief details. 

(7) Are there any other comments you wish to make? 


after the 


The answers both to the questions asked in the 
department and on the returned questionnaires were 
analysed manually and on computer. 
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Table I. Immediate reactions in the single-injection group 
EASA TE EE A A N A EA EE E ASNAN A E AANE 
Reactions Conray 325 Niopam 300 p 

(n = 844) (n = 855) 


Arm pain at or above injection site 46 (5.45%) 28 (3.3%) 0.05 > p > 0.0] 


Sensation of warmth or heat 737 (87%) 626 (73%) p < 0.001 
Observed flushing 382 (45%) 242 (28%) p =< 0.001 
Perineal sensation 194 (23%) 184 (21.5%) NS 

Taste in mouth 378 (45%) 204 (24%) p < 0.001 
Nausea 109 (12.9%) 31 (3.6%) p< 0.001 
Sensitivity reactions LE (1.3%) 4 (0.47%) NS 

Intermediate reactions 27 (3.2%) 10 (1.2%) 0.01 > p > 0.001 


ANEAN kaain AAR HSU SSN tierra Sr rr TE S/R HRS EAE NPL SAV 
NS = not significant. 

The time from injection to acute reaction was the same for both media and both sexes at a mean of |.1 min with a standard deviation 
of 1.6 min. The distribution was different for different reactions and rashes occurred later than the sensations of heat, nausea, etc. 


Results 

A total of 1699 patients received a single injection, 
Conray in 844 patients and Niopam in 855. The 
distribution of male and female patients was the same, as 
was the age and weight distribution. 


Single-injection group 
Table I summarizes the incidence and distribution of 
immediate reactions with percentages in parentheses. 


Immediate reactions 

Minor reactions. Arm pain at or above the injection 
site was more common with Conray, this result being 
Statistically significant (0.05>p>0.01). There was a 
statistically significant difference in the sensation of 
warmth or heat between the two media occurring in 87% 
of those given Conray and 73% of those given Niopam 
(p<0.001). Although perineal sensations were equally 
common for each contrast medium, these reactions were 
commoner in women (33%) than men (13%). 
Statistically significant differences were found between 
the incidences of taste in the mouth, nausea and 
vomiting, these reactions being commoner with Conray. 
There was no significant difference in the incidence of 
cough or sneezing. 


Table I. Intermediate reactions in the single-injection group 


Intermediate reactions. Table II summarizes the 
intermediate reactions. There were 27 cases of 
intermediate reactions to Conray and 10 to Niopam. 
There was a significant excess in patients receiving 
Conray (0.01 > p> 0.001). These reactions were mostly of 
patients complaining of dizziness and palpitations, with 
only a small number of patients experiencing chest pain 
(2 Conray, | Niopam), abdominal pain (4 Conray), 
dyspnoea (3 Conray, | Niopam), shivering attacks (2 
Conray, 2 Niopam) and pallor/sweating (5 Conray, | 
Niopam). Most patients only experienced one or two 
symptoms in this category, with only one patient 
experiencing three symptoms (shivering, dyspnoea and 
chest pain after Niopam). Only one of the patients in this 
category, who experienced abdominal pain, experienced 
a concomitant sensitivity reaction. All reactions were 
transient and self-limiting and required no treatment 
beyond reassurance. 


Sensitivity reactions (including urticaria). A total of 15 
patients experienced sensitivity reactions, |] after 
Conray and four after Niopam. Although this difference 
IS not statistically significant (0.1>p> 0.05), it does 
indicate a definite trend towards more reactions to 
Conray. Most of these reactions involved urticaria of the 


TTT RSLS EEE TTT aA AAAA AAA AATA AAAA EAN temlaR 


Reactions Conray 325 
(n = 844) 
Shivering attack 3 (0.4%) 
Hiccup 0 
Dizziness E (1.3%) 
Dyspnoea 2 (0.2%) 
Palpitations 5 (0.6%) 
Facial swelling Q 
Pallor and sweating 4 (0.5%) 
Abdominal pain 2 (0.2%) 
Chest pain 1 (0.1%) 
Other 3 (0.4%) 
an 3] reactions 
var OF patients 


Niopam 300 p 
(n = 855) 
2 (0.2%) NS 
0) NS 
3 (0.35%) 0.05 > p> 0.01 
1 (0.1%) NS 
4 (0.5%) NS 
0 NS 
1 (0.1%) p= 0.18 
0 p = 0.25 
1 (0.1%) NS 
0 ped) 2 


12 reactions 
10 patients 


LT LT TNA ETN INCH NORAT AAAA AAAA SAA NAA 
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Table HIL Common delayed reactions in the single-injection group 


Reactions 


Arm pain 


Conray 325 
ie = oo 


100 (14.5%) 


Niopam 300 p 
a = head 


73 (10.5%) 0.05 > p > 0.01 


Skin rash 20 (2.9%) 38 (5.5%) 0.05 > p> 0.01 
Fla-like iliness 101 (14.7%) 88 (12.7%) . NS 
Parotitis 6 (0.87%) 12 (1.7%) NS 
Back flank pain 18 (2.6%) 24 (3.5%) NS 
Nausea/vormiting/abdominal pain 33 (4.8%) 37 (5.3%) NS 
Headache 20 (2.9%) 1S (2.6%) NS 


nan ŠAR NAANA NAANA amanan Nr 


Excluding arm pain, a total of 372 patients (26.9%) (184 Conray, 188 Niopam) reported delayed reactions. The sex incidence was 


equal, 


face, neck and trunk, often associated with itchiness, One 
patient developed oedema of the eyelids (Conray) and 
one oedema of the lips (Conray); neither of these patients 
developed urticaria. The patient with labial oedema was 
the only patient given ge treatment for the sensitivity 
reaction (oral Piriton), the other reactions resolved 
spontaneously during the course of the examination. 


Delaved reactions 

There were 1381 completed and returned 
questionnaires available for analysis, which represented 
a response rate of 81%. The results are summarized in 
Table HI. 

One hundred (14.5%) patients had pain in the arm 
after Conray and 73 (10.5%) after Niopam, this being a 
significant difference (0.05>p>0.01). However, for 
patients having pain at the injection site (presumably due 
to extravasation) the numbers were 72 (10.5%) and 54 
(7.8%) (z7 test not significant), For those patients 
experiencing pain above the injection site (presumably 


due to thromboplebitis) 54 had Conray (7.9%) and 41 
were given Niopam (5.9%); (y? test again not 
significant). 


A delayed skin rash was reported by 20 patients 
(2.9%) given Conray and 38 (5.5%) given Niopam, with 
a significant excess of delayed rashes for Niopam. Most 
patients described the rash as being on the trunk, 
although some had rashes on the face and neck. A few 
patients described the rash as being like measles. One 
patient described dryness and peeling of the skin on the 
palms of the hands (Niopam) and another the 
development of hard itchy lumps around the hairline 
(Niopam). Four patients reported irritation and itchiness 
of the forearms and backs of the hands (3 Niopam, | 
Conray). Only one patient given Conray and two given 
Niopam had both an immediate and delayed rash. 

Mouth ulcers were also reported by six patients (4 
Conray and 2 Niopam). Most of these patients also 
complained of a sore throat. The development of a flu- 
like illness was relatively common, occurring in 101 
patients receiving Conray and 88 patients receiving 
Niopam. Patients described feeling generally unwell with 
lassitude, lethargy. dizziness, sore throat, sore and runny 
eyes, sneezing. generalized aches, hot and cold flushes, 
shivers, catarrb and runny nose in various combinations. 
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Several patients spent a day or two in bed because of this. 

Twenty patients (2.9% a) given Conray and 38 (5.6%) 
given Niopam answered “‘yes” to the question “Did you 
experience any swelling of the face or pain after eating?” 
However, analysis of the additional comments showed 
that many of these patients in fact experienced either 
generalized facial swelling or abdominal pain after 
eating, whereas some patients provided no comments 
additional to the “yes” answer. 

Analysis of those comments available showed that six 
patients given Conray (three male, three female) and 12 
given Niopam (six male, six female) described a reaction 
which could be ascribed to parotitis, with pain and 
swelling under the ear (unilateral in all but two cases), 
usually with a strange sensation or clicking in the jaw on 
eating, and often with earache. Six patients given Conray 
and five given Niopam reported a prolonged unpleasant 
taste in the mouth, usually for 3-4 days. None of these 
experienced this taste as an immediate reaction, and 
none of these patients had mouth ulcers or parotitis. 
None of the patients with mouth ulcers had parotitis. 

A number of other delayed reactions emerged from 
analysis of the free text comments. A relatively common 
problem seemed to be low back and flank pain (unrelated 
to any presenting complaint). This» as specifically 
mentioned by 18 patients given Conray and 24 given 
Niopam. Unless specifically contra-indicated, all patients 
had abdominal compression during the urogram, and 
this phenomenon might be related to this, combined with 
the 30 min or so lying on the X-ray table. Several patients 
spontaneously suggested that this might ‘indeed be the 
cause. 

Delayed symptoms of nausea, vomiting and 
abdominal pain were also not uncommon. This was 
reported by 33 patients given Conray (21 females) and 37 
given Niopam (25 females). It emerged from the question 
concerning facial swelling that five patients given Conray 
and 11 given Niopam specifically mentioned abdominal 
pain on eating. Again this may possibly be related to 
compression. Seven of these patients also remarked on 
the symptom of heartburn, and gastro-oesophageal 
reflux may have been provoked or exacerbated by the 
compression. Headache was another symptom mentioned 
by 20 patients given Conray and 18 given Niopam. 
Diarrhoea was experienced by eight patients given 
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Conray and two given Niopam. Leg cramps were 
reported by 10 patients (5 Conray, 5 Niopam). Five 
patients given Conray and 17 given Niopam reported 
swelling of the face, hands and ankles. 

Other reported delayed reactions included excessive 
perspiration (1 Conray, 2 Niopam), excessive thirst (2 
Niopam), passing more urine than normal (2 Conray), 
visual blurring (4 Conray, | Niopam), stiffness and pain 
in the shoulders (2 Conray), numbness of the lower face. 
numbness of the left side of the body, teeth aching on 
eating, cold extremities and pain at the site of a BCG 
injection (1 each Conray), loss of voice and pins and 
needles in the neck and chest (1 each Niopam). One 
patient given Niopam reported that his pulse was 
normally slow (46) due to heart block, but this had 
speeded up to 70-80 since the injection and had remained 
at that rate ever since. One patient had a myocardial 
infarction | week after injection of Conray; he had no 
past history of heart disease. Ten per cent of the returned 
questionnaires contained favourable comments, usually 
complimenting and expressing gratitude to the staff. 


2nd injection 

Two hundred and eighty patients were given two 
injections, 135 (13.8%) being given Conray first and 
Niopam second (C1 N2) and 145 (14.5%) vice versa (NI 
C2). 

There was no significant difference in the number of 
patients experiencing a sensation of heat after the first 
injection (114 Conray (84.4%) and 109 Niopam 
(75.2% )); %7 test 3.71, i.e. not significant. However, after 
the crossover injection the numbers experiencing a 
sensation of heat were 86 (64%) (C1 N2) and 130 (90%) 
(NI C2), giving a significant difference (p < 0.001). 

Four patients receiving Conray first and Niopam 
second spontaneously commented on the difference 
between the two injections, recording the experience of 
side-effects such as heat and flushing with the first 
injection and not the second. Conversely, four patients 
receiving Niopam first and Conray second specifically 
mentioned that the second injection was unpleasant 
whereas the first was not. Thus eight patients preferred 
the Niopam injection and none preferred the Conray 
injection, 

Pain in the arm occurred in nine patients (6.7%) (C1 
N2) and 17 (11.72%) (N1 C2); this was not a significant 
difference, and approximately the same as after a single 
injection. There were two cases of intermediate reactions, 
one of chest pain and one of dyspnoea, both occurring in 
patients given Conray as a second injection. Four cases 
of sensitivity reactions occurred, all in patients given 
Conray as a second injection. Delayed rashes occurred in 
three (C1 N2) and four (N1 C2) patients, an incidence of 
approximately 2.5%, approximately the same as for a 
single injection of Conray. A flu-like illness occurred in 
16 patients given Niopam first and in nine given Conray 
first (12% and 6%, respectively), approximately the 
same as for a single injection. Excluding arm pain, a total 
of 29 patients (18 male, 11 female) (10.4%) reported 
delayed reactions. 
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Risk factors and previous history 

The total percentage of patients with so-called risk 
factors was 32.2%. There was, however, no excess of 
severe or sensitivity reactions in this group, nor was there 
any such excess amongst the 240 (12.1%) patients over 
the age of 70 years. 

No difference was detected in reaction incidence in 
patients having had previous urography, except for 
nausea, which was more common the more urograms the 
patient had undergone. A history of sensitivity to aspirin, 
penicillin, Septrin, topical iodine and Elastoplast was 
sought, but this did not affect the incidence of any 
reaction. 

Twelve patients experienced immediate rashes, four of 
these having a history of asthma, eczema or hayfever 
(out of a total of 145 with such a history). Therefore, 
eight out of 1554 with a negative history experienced an 
immediate rash. This difference is significant 
(0.01 >p>0.001). However, there was no statistical 
difference in delayed rashes between the two groups: 49 
of 1554 patients who had no history of atopy (3.2%) and 
nine of 145 patients with a history of allergy (6.2%). A y? 
test was 3.75, p lying between 0.10 and 0.05. 

Current medication appeared to have no effect on the 
incidence of reactions nor did a history of previous 
reactions. The same was true of a history of cardiac 
symptoms or disease. A total of 351 patients (17.7%) had 
had a previous contrast medium reaction, were sensitive 
to some applied agent or had a history of asthma, eczema 
or hayfever. Two hundred and eighty-six patients 
(14.5%) had a history of heart disease of whom 113 had 
symptoms. 

We were unable to demonstrate any relationship 
between the incidence of any type of reaction and signs 
or symptoms of anxiety as recorded at the time of the 
examination. 

We calculated the sample size necessary to achieve a p 
value of 0.05 with the percentage difference we found. 
This necessary sample size is in excess of 4000, i.e. four 
times the size of the present study. Such a study would 
need to last some 5 years in our hospital. 


Discussion 

This study has provided the opportunity to investigate 
the nature and incidence of both immediate and delayed 
reactions following the administration of a high-osmolar 
and a low-osmolar intravenous contrast medium in a 
large number of patients. It was not possible to study the 
intensity of the side-effects in such a large group of 
patients. 

Immediate reactions to both types of media are well 
documented, although less attention has been paid to 
delayed reactions, despite the fact that these are 
relatively common (Panto & Davies, 1986). Much has 
been written concerning the safety of the newer, non- 
ionic, low-osmolality contrast media, although there are 
actually few clinical trials concerned with direct 
comparison of a high-osmolar and low-osmolar medium. 
One such trial (Dalla Palma et al, 1982) reached the 
conclusion that there was no justification for routine use 
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of non-ionic contrast media in urography, both on the 
basis of radiographic quality and on the incidence of 
side-effects. Similar conclusions were reached by two 
more recent trials (Davies et al, 1985; Panto & Davies, 
1986), iothalamate and iopamidol being studied in all 
three trials. 

There is no doubt that, with low-osmolar contrast 
media, there is a reduction in both the incidence and 
intensity of many of the acute effects, particularly arm 
pain, sensation of heat, nausea and vomiting. The lower- 
osmolality medium has proved of great benefit in the 
field of angiography, reducing pain to such a degree that 
it allows examinations to be performed without general 
anaesthesia. Patients in our intravenous trial tended to 
find the examination with the non-ionic medium more 
agreeable. 

Several patients who received both types of media 
were able to tell the difference between the two because 
of the difference in intensity of the sensations: the 
crossover method was particularly chosen to study this 
as scoring a sensation for intensity is notoriously 
inaccurate, especially with the large numbers of patients 
and injectors in this study. 

The high-osmolar medium gave a significantly higher 
incidence of intermediate type reactions, and a definite 
trend towards increased sensitivity reactions. However, 
those reactions which did occur were transient and self- 
limiting, and there were no instances of severe or life- 
threatening reactions with either agent. 

Our observations on acute effects of intravenous 
contrast media agree with the observations of others. 
Other authors (White & Halden, 1986) have concluded 
that a distinction should be made between statistically 
significant effects, such as nausea, vomiting and heat 
sensation (commoner with high-osmolar agents) and 
clinically significant effects, such as sustained ventricular 
fibrillation, renal failure and anaphylaxis, which are not 
proven to be reduced with low-osmolar media. Likewise, 
urticaria, hypotension and bronchospasm have so far 
not been proven statistically to be significantly less 
common with non-ionic agents in our series. Many 
authors recommend use of low-osmolar media for “high- 
risk groups” (Grainger, 1984; Wolf, 1986). These groups 
include infants, the elderly, patients with heart disease or 
a history of allergy, and a history of previous reactions. 

We found in our study that a history of cardiac disease 
or symptoms and a history of a previous contrast 
reaction was not of high predictive value for acute 
reactions. There was, however, an increased incidence of 
acute rashes in those patients with an atopic history. The 
question of the value of an “allergic” history appears 
unresolved. It has been stated (Ansell et al, 1980) that a 
history of allergy is linked with an increased incidence of 
severe reactions. However, this view has been questioned 
(Lieberman et al, 1986) and the true relevance of such a 
history still appears open to debate. Low-osmolar non- 
ionic contrast media are believed to cause less reactivity 
in the complement activation, histamine release and 
coagulopathy systems (Spartaro, 1984), although the 
relation of this to significant reactions is unclear, and we 
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would agree with other workers that it would be 
clinically prudent to use low-osmolar contrast media in 
patients judged to be at high risk. 

Delayed reactions to intravenous contrast media are 
much more common than has previously been 
recognized. Whilst these reactions could not be termed 
medically serious or life-threatening, many patients 
found them quite unpleasant, some having to take time 
off work. 

Panto and Davies (1986) found that symptoms of 
headaches, weakness, malaise, nausea, taste disturbance, 
diarrhoea, stomach pains, aching joints and upper 
respiratory symptoms occurred quite commonly after 
injection of contrast media and referred to this syndrome 
as “iodism™. This label was attached as it corresponds 
with the dictionary definition. However, this may 
indicate to some people that the term indicates that the 
precise causation is known or at least that there is a 
coherent theory of the aetiology. No such aetiology ts 
implied and the use of the term merely indicates a clinical 
observation. It may be better to refer to it as the “flu-like 
illness” or the  post-intravenous-contrast-medium 
syndrome. 

Parotitis, which may be part of this syndrome, may 
well be commoner with Niopam. Although parotitis is 
difficult to evaluate from the results of a written 
questionnaire, there were fairly classical descriptions of 
parotitis by 18 patients, 12 of whom had received 
Niopam. These appear to be the first cases of parotitis 
reported with non-ionic contrast media. In contrast to 
other reports (Sussman & Miller, 1956; Koch et al, 1969; 
Harris et al, 1970; Talner et al, 1971; Navani et al, 1972; 
Kohri et al, 1977; Cohen et al, 1980; Goldberg et al, 
1984), most of our cases were unilateral. We also found 
that delayed rashes were commoner with Niopam. 

Non-selective use of low-osmolar contrast media for 
all cases of urography in our department would add 
approximately an extra £20000 per annum to the 
departmental budget. Our results do not justify such 
usage. Low-osmolar agents could be used in patients 
who had had a previous non-trivial reaction to contrast 
medium. In cases where there had been a severe reaction, 
the patient must freely consent to the procedure after 
explanation of the risks. If the previous reaction had 
truly been life-threatening it seems unlikely that such 
consent could be obtained whatever medium was used, 
as it is not possible to state that low-osmolar agents are 
completely safe; indeed deaths have occurred after their 
use. It would also seem appropriate to warn patients of 
the possibility of delayed effects, whatever contrast agent 
they receive. 

It is usual to assume that a decreased incidence of 
certain types of non-fatal reactions indicates that a 
contrast medium is safer and less likely to cause death. 
The present results pose a dilemma for those holding 
such a view as acute trivial reactions were more common 
with Conray while many delayed reactions were more 
common with Niopam. 

While many patients given both types of contrast 
media can tell the difference and prefer non-ionic 
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injections, these agents are not free from side-effects and 
urography performed with them can still be an 
unpleasant experience. Our evaluation of so-called risk 
factors indicates they are poor predictors of an increase 
in reactions, except in the case of atopic individuals who 
experience more immediate rashes, though these are 
trivial and self-limiting. To evaluate these risk factors 
adequately, sample sizes of about 4000 for each medium 
are required. We believe the real risk factors are poor 
clinical condition, disease in more than one organ 
system, advanced disease, and cardiovascular instability, 
none of which is open to study in a controlled trial. These 
should be recognized clinically and the need for an 
intravenous urogram reviewed very carefully. 


Conclusions 

After a study of 1979 patients given 50 ml of either 
Niopam 300 (non-ionic/low osmolar) (855 patients) or 
Conray 325 (ionic/high osmolar) (844 patients) or both 
(280 patients), the following conclusions were reached. 

(1) Patients seem to prefer non-ionic media, which 
gives them a more comfortable examination. 

(2) Intermediate and sensitivity reactions are 
commoner with Conray. 

(3) Delayed reactions are very common with both 
types of media, particularly arm pain, a flu-like illness 
and rashes. Delayed rashes and perhaps parotitis are 
commoner with non-ionic media. 

(4) Routine use of non-ionic contrast media for 
urography does not appear justified. 
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An iodine-125 applicator designed for irradiating blood vessels growing into the 


cornea of the eye 
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The invasion of the traumatized cornea by blood vessels 
is a well known complication and is often associated 
with graft reyection. Graft acceptance may be improved 
by the induction of endarteritis with B radiation but the 
corneal stroma may be so changed by the necessary 
dose of radiation (commonly 4500-5000 cGy in three or 
four fractions) as to significantly increase the risk of 
sloughing (Macfaul & Bedford, 1970). To overcome this 
problem, we have designed and made an 175I eye 
applicator to produce an extremely narrow radiation 
field for treating the vascularization at the base of the 
cornea only. The anterior part of the cornea receives a 
very small dose of about 11% of that given to the base 
and is sufficiently large to receive a 6mm corneal 
transplant. 


Applicator design 

The use of ‘751 seeds in gold applicators for treating 
mahgnant conditions of the eye has been well 
documented (Sealy et al, 1980). Our applicator is 
designed to achieve a field width of 0.4 mm at the base 
of the cornea. Seeds were positioned in a gold 
applicator, a cross-section of which is shown schematic- 
ally in Fig. L Beam divergence was minimized by 
having the ring of sources 3mm from the surface of the 
cornea. This narrow field of radiation avoids a 
significant dose to the lens, ciary body and the anterior 
cornea. 

The applicator was manufactured in two halves 
which, when fitted together in a “pill box’’-like manner, 
resulted in a closed, hollow, round container with an 
aperture in the middle containing a reproducible slit of 
0.4mm (Fig. 1). The slit width can be easily checked 
with a stainless steel wire of 0.4 mm diameter (Fig. 2). 
After fixing the sources in position with “Tensol” 
(Fig. 2), and fitting the two halves together (Fig. 3), the 
applicator is filled with isotonic saline solution to 
provide a tissue-equivalent medium. Two holes in the 
upper “hd” are used for this purpose (Figs 2, 3). 
The sht width is checked before filling the applicator 
with saline by inserting the stainless steel wire into it. 
The holes as well as the slit on the inside of the 
aperture are then sealed with a thin layer of bone wax 
to avoid evaporation. 

The applicator is mounted on a stainless steel or gold 
base moulded to fit snugly onto the eye-ball (Figs 1-3). 


266 


Four pairs of holes in the base are used for four silk 
stitching sutures round the four rectus muscles. If the 
applicator is stitched onto the eye in this way any 
movement of the eyeball will result in the applicator 
moving with it. Consequently, there will be no 
displacement of the slit during treatment. Since the 
single treatment could last a day or two (fractionation is 
not intended), any drying of the cornea is prevented by 
a thin plastic cap (Figs 1-3), which fits snugly onto the 
applicator. This can be filled with saline or an antibiotic 
ointment. 


Dosimetry 

The isodose-rate distribution in the plane of the slit 
as calculated on our TP-11 planning computer is shown 
in Fig. 4. Each of the 111 MBq seeds (11 in all) on the 
applicator was of the resin bead type without X-ray 
marker, i.e. code 6702 supplied by 3M. For the dose- 
rate calculation each seed was considered to consist of 
three point sources, one for each resin bead inside the 
seed. Because of the position of the seeds in the 
applicator, the dose-rate distribution is not affected by 
anisotropic radiation emission and unknown seed 
orientation (Ling et al, 1985; Prasad et al, 1987). 

The calculated dose was checked with lithium 
fluoride thermoluminescent dosemeters placed at 
positions A to F in Fig. 1. A phantom eye was made 
using muscle equivalent material M3 (Markus, 1956) 
into which holes were accurately machined to take the 
LiF Ti, Mg chips of 4.8mm diameter and 0.9mm 


GOLD APPLICATOR PLASTIC TAP 








Coe mm SLET 
i SEED 


ACRYLIC 


STAINLESS 
STEEL BASE 


Figure 1. Schematic diagram of a cross-section through the 
corneal irradiator in position on the eye. A to F represent 
points at which the dose has been measured with lithium 
fluoride thermoluminescent dosemeters. 
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Figure 2. The various components of the irradiator. A, 
stainless steel base with holes for the sutures: B, bottom half of 
the gold applicator with seeds in position; C, top half of the 
gold applicator showing the holes for filling the applicator with 
saline, D, plastic cap; E, stainless steel wire for checking the 
width of the slit. 


thickness. For positions A to D the chips were stacked 
such that each of the individual points of measurement 
corresponded to the centre of a chip. For points E and 
F the chips were positioned vertically with the centre of 
the bottom and top end of each of the chips 
corresponding to points E and F, respectively. The 
applicator plus chip-loaded phantom was immersed in 
water during irradiation. The results of these measure- 
ments are shown in Table I for an irradiation time of 
I h. Because of limitations on our computer, com- 
parisons with calculated doses could only be made for 
points C and F in the plane of the sources. It should 
also be noted that the measured doses extend over a 
region rather than a single point. 

Iodine 125 has a half-life of 60 days, which means 
that the same applicator can be re-used on several 
patients during a period of about 2 months. Reloading 
of the applicator is a simple procedure. The applicator 
(without the plastic cap) is immersed in chloroform 
inside a stainless steel container for about 24h, after 
which the loosened seeds can be easily replaced by new 





Figure 3. The assembled irradiator. 
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Figure 4. The dose-rate distribution calculated for a source 
activity of 111 MBq. Each source or seed consists of three resin 
beads with the activity adsorbed onto them. 


ones. The total dose to the finger tips for the seed 
change was measured with thermoluminescent dose- 
meters supplied by the South African Bureau of 
Standards. The maximum dose of 0.1 mSv was received 
by the right forefinger for a single source change. 


Radiobiology 

Ultra-thin fields in themselves present interesting 
radiobiological questions regarding tolerance dose 
levels and the migration of cells across the field (Schoefl, 
1963). None of the previous studies on the irradiation 
of the cornea (Gillette et al, 1975), on small skin fields 
(Peel et al, 1984) and on the canine brain (Fike et al, 
1985), can be used to predict the radiation response in 
this new radiobiological situation. 

We are therefore proceeding with radiobiological 
studies on rabbit cornea and the skin and blood vessels 
of the mouse tail for which a similar applicator has 
been made. 


Table I. Results of dose-checking measurements 





Dosemeter Measured dose Calculated dose 

position +(SEM) (cGy-h) 
(cGy;h) 

A 13.2+ 2.1 

B 66+ 3.0 

C 60.3+ 6.1 12i 

D 10.0+ 1.8 E 

E 4004-02 

F 117.6+15.3 [33.4 





267 


Acknowledgment 

This work is supported by a grant from the South African 
Medical Research Council, the Ethics and Research 
Committee of the University of Cape Town, and the Teaching 
Hospitals Board (Cape Town). 


References 

Fier. J. R, Cann, C. E., PLus, T. Lọ, BERNSTEIN, M., 
GuTtTN, P. H., Turowski, K., Weaver, K. A., Davis, R. L., 
Higoins, R.J. & DaSiva, V., 1985. Radiation brain 
damage induced by interstitial '?°1 sources: a canine model 
evaluated by quantitative computed tomography. 
Neurosurgery, 16, 530-537. 

Gauuerre, E. L., Maurer, G. D. & Severin, G. A., 1975. 
Endothelial repair of radiation damage following beta 
irradiation. Radiology, 116, 175-177. 

ting, C. C. ScemeLL, M. C, York, E. D., Palos, B. B. & 
Kusiatowicz, D., 1985. Two-dimensional dose distribution 
of 1-125 seeds. Medical Physics, 12, 652-655. 


MacrauL, P. A. & Beprorp, M. A., 1970. Ocular 


Technical note 


complications after therapeutic irradiation. British Journal of 
Ophthalmology, 54, 237-247. | 

Markus, B., 1956. Uber den Begriff der Gewebeäquivalenz 
und einige “wasserähnliche” Phantomsubstanzen für 
Quanten von 10 keV bis 100 MeV sowie schnelle Elektronen. 
Strahlentherapie, 101, 111-131 

PeeL, D. M., Hopewe it, J. W., WELLS, J. & CHarces, M. W., 
1984. Nonstochastic effects of different energy beta emitters 
on pig skin. Radiation Research, 99, 372-382. 

Prasan, S. C., Bassano, D. A. & Fear, P. L, 1987. Dose 
distribution for ‘751 implants due to dnisotropje radiation 
emission and unknown seed orientation. Medical Physics, 
14, 296-298. 

ScHOEFL, G. L, 1963. Studies on inflammation. HI. Growing 
capillaries: their structure and permeability. Virchow Archiv 
A, Pathological Anatomy and Histopathology, 337, 97-141. 

SEALY, R., Buret, E., CLEMINSHAW, H., STANNARD, C., 
HERING, E., SHACKLETON, D., KORRUBEL, J., LE ROUX, 
P.L.M. & Sever, D., 1980. Progress in the use of iodine 
therapy for tumours of the eye. British Journal of Radiology, 
53, 1052-1060. 


The British Journal of Radiology, March 1989 


1989, The British Journal of Radiology, 62, 269--272 


Case reports 


Value of bone scanning and computed tomography in fibrodysplasia ossificans 
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Fibrodysplasia ossificans progressiva (FOP) (synonym: 
myositis ossificans progressiva) is an extremely rare 
congenital disorder characterized by unremitting 
heterotopic ossification associated with typical skeletal 
abnormalities (Rogers & Geho, 1979: Connor & Evans, 
1982; Thickman et al, 1982). The prevalence in the UK 
population has been estimated to be less than 0.1 per 
million (Wynne-Davies et al, 1985) but despite this, or 
possibly because of it, there have been in excess of 700 
publications worldwide on the subject (Illingworth, 
1971) since the first description in 1692 (Patin, 1692), 
We report a case of FOP presenting as a suspected 
soft-tissue neoplasm and discuss the value of bone 
scanning and computed tomography (CT) in the 
diagnosis and evaluation of this rare condition, 


Case report 

An I1-year-old boy first presented to his local Accident and 
Emergency department when his father noticed a large mass 
over the child’s right scapula. The swelling was not tender and 
there was no history of trauma. Plain radiographs of the 
shoulder showed no abnormality and a clinical diagnosis of a 
haematoma was made. The swelling decreased in size over the 
next month but a further hot, tense mass developed over the left 
shoulder. 

Biopsy of both masses was reported as showing muscle 
infiltrated with slender spindle cells in a myxoid stroma, and a 
pathological diagnosis of fibromatosis was made with the 
recommendation that total excision should be performed 
because of the risks of local recurrence. At referral to the Bone 
Tumour Service two further swellings had developed, one over 
the right sternomastoid muscle and the second on the left chest 
wall. These were associated with painless limitation of 
movement of the neck and both shoulder girdles. 

Relevant past medical history included the fact that as an 
infant the patient had been noted to have minor congenital! 
anomalies of both great toes for which no treatment was 
considered necessary. Clinically, his mother has a similar 
deformity of the feet but no radiographs were available. Seven 
years previously the patient had undergone tonsillectomy, 
adenoidectomy and bilateral myringotomies, since when he had 
been followed for low-tone deafness. 

Apart from slight elevation of the serum calcium, alkaline 
phosphatase and C-reactive protein, all other laboratory 
investigations, including the erythrocyte sedimentation rate and 
creatine Kinase levels were normal. The rheumatoid factor was 
semen nee i aa EE a a a 
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negative and nerve conduction studies showed no evidence ofa 
myositis. 

Prior to referral, all the plain radiographs of the chest and 
shoulders were normal. On admission a bone scan and CT were 
obtained as part of the routine musculoskeletal tumour work- 
up. The bone scan revealed ectopic areas of increased activity 
with a nodular and linear bilateral distribution over the chest 
wall and in the paravertebral tissues (Fig. 1}. No focus of 
abnormal uptake was evident overlying the lesion in the neck 
(Fig. la). Computed tomography demonstrated diffuse. 
hypodense swelling of the anterolateral muscles of the right side 
of the neck with swelling of the fascial planes (Fig. 2a). Foca! 
calcification and linear ossification surrounded by hypodense 
oedema was identified within the soft tissues of the chest wall 
(Fig. 2b, c). 

Following the bone scan and CT a limited Skeletal survey was 
obtained which now confirmed the presence of ectopic 
ossification within the chest wall (Fig.3) and lumbar 
paravertebral tissues. There was hypoplasia of the first 
metacarpals and first metatarsals (Fig. 4) with large plantar 
spurs (Fig. 5b). The cervical spine showed shortening of the 
antero-posterior diameter of the vertebral bodies with relative 
enlargement of the posterior arches and fusion of the arches of 
C3 and C4 (Fig. 5a). The diagnosis of FOP was therefore 
established in this case and surgical treatment of the lesions 
considered inadvisable. 


Discussion 

Fibrodysplasia ossificans progressiva is inherited as an 
autosomal dominant condition although most cases arise 
sporadically (Wynne-Davies et al, 1985). Similar 
deformities of the feet clinically apparent in the mother 
of this patient suggest that there may be variable genetic 
penetrance. The age of presentation with soft-tissue 
swellings is unusual in this case as the majority present 
within the first few years of life (Thickman et al, 1982). 
Although the clinical and radiological features are 
characteristic, a delay in reaching the correct diagnosis is 
common (Smith, 1975; Rogers & Geho. 1979: Connor & 
Evans, 1982). This is usually caused by a failure to 
appreciate the significance of the congenital 
abnormalities of the great toes (Connor & Evans, 1982) 
as had been the situation in this child when first seen 
almost a decade ago. This highlights the importance of 
recognizing the association, albeit uncommon, between 
congenital anomalies of the first rays of the hands and 
feet and various complex malformation syndromes 
(Poznanski, 1984), Similarly, the significance of deafness, 
detected 7 years before in this patient, and reported in 
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almost one-quarter of all patients with FOP (Ludman et 
al, 1968; Rogers & Geho, 1979; Connor & Evans, 1982) 
may be overlooked. 

The typical plain radiographic features of FOP as they 
affect the hands and feet (Fig. 4) are well documented 
(Rogers & Geho., 1979; Schroeder & Zasloff, 1980; 
Connor & Evans, 1982; Thickman et al, 1982). Within 
the spectrum of FOP a high proportion of patients also 
exhibit abnormalities of the cervical spine (Fig. 5a) 
consisting of small vertebral bodies with relative 
enlargement of the postertor arches. Progressive fusion 
ean occur (Hall & Sutcliffe, 1979, Cremin et al, 1982) 
which may mimic the changes of Sull!s disease or the 
Klippel Feil syndrome (Connor & Smith, 1982). 

Ossification of ligamentous insertions may produce 
pseudo-exostosis formation particularly from the 
proximal tibiae (Hall & Sutcliffe, 1979; Cremin et al, 
1982). A prominent example is the calcaneal spur at the 
insertion of the plantar fascia (Fig. Sb) (Fairbank, 1950; 
Lutwak, 1964; Thickman et al, 1982) which 1s more florid 
than would be expected in an inflammatory 
enthesopathy due to a rheumatological disorder. 





(a) 
Figure 2. (a) Computed tomographic scan through the base of the neck showing a hypodense swelling of the right anterolateral 
muscufature (small arrows) { sternomastoid, sternathyroid and sternohyoid muscles). (>) CT of right hemithorax showing linear 
ossification surrounded by oedema (arrow) deep to the subscapularis muscle. Small focus of calcification anteriorly in the axilla. (c) 


CT of left hemithorax caudal to Fig. 2b showing two small foci o 


also surrounded by oedema. 
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Figure 1. Bone scans. (a) Anterior image of 
the skull, neck and upper thorax showing 
ectopic activity over the right chest wall. 
(b) Posterior image of the thorax and spine 
showing linear and nodular activity over 
the chest wall and right paravertebral 
tissues. 


If the presence and significance of the underlying 
skeletal anomalies are not appreciated, the differential 
diagnosis at presentation with a soft-tissue mass includes 
soft-tissue sarcoma and fibromatosis. Once the 
ossification becomes apparent on the plain radiographs 
(Fig. 3) the differential diagnosis will then include post- 
traumatic myositis ossificans, dermatomyositis and the 
rare primary extraskeletal osteosarcoma. l 

The possibility of malignancy means that many of 
these patients undergo biopsy of the nodules, This is not 
to be recommended for two reasons, First, the 
histological appearances may be confusing and lead to 
misdiagnosis such as fibrosarcoma (Rogers & Geho, 
1979) or fibromatosis as in this case. Secondly, it has long 
been recognized that trauma, including operation, may 
aggravate FOP and induce more rapid ossification 
(Rosenstirn, 1918; Rogers & Geho, 1979; Connor & 
Evans, 1982). The onus is therefore on the radiologist to 
play a preventative role in suggesting the correct 
diagnosis and thereby limiting the exposure of these 
patients to unnecessary Invasive procedures (Thickman 
et al. 1982). In this respect both bone scanning and CT 





(c) 


f caleification in the posterior muscles of the back (curved arrow), 
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Figure 3. Chest radiograph | month after CT demonstrated 
ossification within the soft tissues of the chest wall bilaterally 
and underlying the scapula 


have a role to play in that both will reveal abnormalities 
before such changes are apparent on the plain 
radiographs (Lindhout et al, 1985; Fang et al, 1986; 
Reinig et al, 1986). 

On a bone scan the increased uptake of the scanning 
agent is a sensitive indicator of active ossification and is 
known to produce positive scans in diverse conditions 
affecting the soft tissues such as post-traumatic myositis 
ossificans, dermatomyositis, scleroderma, diffuse 
pulmonary calcification and osteosarcoma metastases to 
the lungs and soft tissues (Choy & Murray, 1980), In 
both post-traumatic myositis ossificans and FOP, bone 
scans have been shown to demonstrate areas of soft- 
tissue activity prior to the appearance of changes on the 
plain radiographs (Suzuki et al, 1974; Fang et al, 1986) 





(a) 


| al 62 


Vo. 735 








(a) 





(b) 


Figure 4. (a) Radiograph of the hands showing bilateral 
hypoplasia of the first metacarpals. (b) Radiograph of the feet 
showing bilateral valgus deformities and malformations of the 
phalanges of the great toes. 





Figure 5. (a) Lateral cervical spine showing 
small vertebral 
enlargement of the posterior 
fusion of the arches of C3 and C4. (b) 
Oblique radiograph of the left hindfoot 
showing a large plantar spur 


bodies, relative 


arches and 
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and in the current case the bone scan was the first 
examination to indicate the presence of heterotopic 
ossification (Fig.1). Computed tomography will 
elegantly demonstrate small foci of calcification lying 
within the connective tissue between the muscles (Fig. 2c) 
and progressing to flattened sheets of ossification 
(Fig. 2b) which may extend partially or totally around 
the muscle (Reinig et al, 1986). 

Prior to the onset of ossification the bone scan will not 
demonstrate the most acute lesions of FOP as shown by 
the absence of increased uptake in the neck of this 
patient at the site of the most recent swelling (Fig. la). 
Computed tomography, however, will demonstrate the 
early lesions of FOP by showing hypodense, oedematous 
swelling of the affected muscles and widening of the 
fascial planes (Fig. 2a) (Lindhout et al, 1985, Reinig et al, 
1986). 


Conclusion 

Fibrodysplasia ossificans progressiva is an extremely 
rare congenital disorder but awareness of the associated 
skeletal abnormalities will enable the alert radiologist to 
suggest the correct diagnosis years before the onset of 
disability. Once there is soft-tissue involvement the bone 
scan is more sensitive than plain radiography in 
monitoring the extent of involvement (Fang et al, 1986). 
Although CT can fulfil this role, its most practical use is 
in revealing the nature and extent of the acute lesions 
which cannot be demonstrated by either plain 
radiography or bone scanning. 


References 

CHoy, D. & Murray, L P. C., 1980. Metastatic visceral 
calcification identified by bone scanning. Skeletal Radiology, 
5, 151-159. 

Connor, J. M. & Evans, D. A. P., 1982. Fibrodysplasia 
ossificans progressiva: the clinical features and natural history 
of 34 patients. Journal of Bone & Joint Surgery, 64B, 76-83. 

Connor, J. M. & Smitu, R., 1982. The cervical spine in 


fibrodysplasia ossificans progressiva. British Journal of 


Radiology, 55, 492-496. 

Cremin, B.. Conwor, J. M. & BEIGHTON, P., 1982. The 
radiological spectrum of fibrodysplasia ossificans progressiva. 
Clinical Radiology, 33, 499-308. 


Case reports 


Fairpank, H. A. T., 1950. Myositis ossificans progressiva. 
Journal of Bone & Joint Surgery, 32B, 108-116. 

Fang., M. A., Remnic, J. W., Hinz, S. C., MARINI, J. & ZASLOFF, 
M. A.. 1986. Technetium-99m MDP demonstration of 
heterotopic ossification im fibrodysplasia ossificans 
progressiva. Clinical Nuclear Medicine, 11, 8-9. 

Hat, C. M. & SUTCLIFFE, J., 1979. Fibrodysplasia ossificans 
progressiva. Annales de Radiologie, 22, 119-123. 

ILLINGWORTH, R. S., 1971. Myositis ossificans progressiva 
(Munchmeyer’s disease). Brief review with report of 2 cases 
treated with corticosteroids and observed for 16 years. 
Archives of Diseases in Childhood, 46, 264-268. 

LinpHouT, D., GoLDING, R. P. & TAETS VAN AMERONGEN, A. H. 
M., 1985. Fibrodysplasia ossificans progressiva: current 
concepts and the role of CT in acute changes. Paediatric 
Radiology, 15, 211-213. 

Lupman, H., Hamitton, E. B. D. & Eapr, A. W. T., 1968. 
Deafness in myositis ossificans progressiva. Journal of 
Laryngology and Otology, 82, 57-63. 

Lutwak, L., 1964. Myositis ossificans progressiva: mineral, 
metabolic and radioactive calcium studies of the effects of 
hormones. American Journal of Medicine, 37, 269-293. 

Patin, G., 1692. In Lettres Choisis de Feu M. Guy Patin. Letter 
of August 27th, 1648 to A. F. (P. du Laurens, Cologne). 
Tome 1, vol. 5, p. 28. 

POZNANSKI, A. K., 1984. The Hand in Radiologic Diagnosis, 2nd 
edn (W. B. Saunders, Philadelphia), pp. 244-248. 

RENG, J. W., Suvimot, C. H., Fang, M. Marini, J. & 
ZasLorr, M. A., 1986. Fibrodysplasia ossificans progressiva: 
CT appearance. Radiology, 159, 153-157. 

RoGERS, J. G, & Geno, W. B., 1979. Fibrodysplasia ossificans 
progressiva: a survey of 42 cases. Journal of Bone & Joint 
Surgery, 614A, 909-914. 

Rosenstirn, J. A., 1918. A contribution to the study of myositis 
ossificans progressiva. Annals of Surgery, 68, 591-637. 

SCHROEDER, H. W. & ZasLorr, M. A., 1980. The hand and foot 
malformations in fibrodysplasia ossificans progressiva. John 
Hopkins Medical Journal, 147, 73-78. 

SMITH, R.. 1975. Myositis ossificans progressiva: a review of 
current problems. Seminars in Arthritis and Rheumatism, 4, 
369-380. 

Suzuki, Y., Hisaba, K. & TaKepa, M., 1974. Demonstration of 
myositis ossificans by Tc-99m pyrophosphate bone scanning. 
Radiology, 111, 663-664. 

THICKMAN, D., Bonakpapour, A., CLANCY, M., ORDEN, J. V. & 
Stee, H., 1982. Fibrodysplasia ossificans progressiva. 
American Journal of Roentgenology, 139, 935-941. 

WynNE-Davies, R., HALL, C. M, & ApLey, A. G., 1985. Atlas of 
Skeletal Dysplasias (Churchill Livingstone, Edinburgh), 
p. 547. 


The British Journal of Radiology, March 1989 


1989. The British Journal of Radiology, 62, 273-274 


Case reports 


Ultrasound diagnosis of gallbladder perforation in a case of xanthogranulomatous 


cholecystitis 


By J. P. Houston, MB, ChB, M. A. Sampson, MB, ChB, MRCP and 


M. C. Collins, MB, ChB, FRCR 


Department of Radiology, Royal Hallamshire Hospital, Glossop Road, Sheffield S10 2JF 


(Received May 1988) 


Cholelithiasis is a common disease and perforation and 
carcinoma of the gallbladder are well recognized compli- 
cations. Xanthogranulomatous cholecystitis is an 
uncommon form of cholecystitis which is being recog- 
nized with increasing frequency. We report a case in 
which gallbladder perforation was diagnosed by ultra- 
sound in a patient in whom all four conditions co- 
existed. 


Case report 


A 73-year-old woman presented with a |-month history of 


rapidly worsening dementia following an episode of abdominal 
pain. Nine days before admission to hospital an abdominal 
swelling had been noticed. On examination she was pyrexial 
with a neutrophilia; there was a large, tender, fluctuant epigas- 
tric mass, pointing through erythematous skin 

Real-time ultrasound, using a 5 MHz sector probe, showed 
the gallbladder to be filled with calculi (Fig. 1). Medially, a well 
defined hypoechoic area characteristic of an abnormal fluid 
collection was identified around the anterior and inferior sur- 
faces of the left lobe of the liver. Several 1-2 cm “bright” areas 
typical of calculi were seen layered in the dependent part of the 
collection moving appropriately with patient position (Fig. 2). 
No masses were seen. A diagnosis was made of perihepatic 
abscess secondary to gallbladder perforation and this was 
confirmed at laparotomy, 3 h later, when a perforated gallblad- 
der was found with a perihepatic abscess containing calculi. The 
common bile duct, although dilated, was not obstructed. 


Histological examination of the gallbladder revealed exten- 
sive xanthogranulomatous inflammation with fundal perfo- 
ration. An adenocarcinoma was found in the wall, almost 
totally occluding the cystic duct. The gallbladder contained 
several stones of mixed composition 

Following surgery, the patient's condition deteriorated and 
she died 2 weeks later. 


Discussion 

We believe that in this patient gallbladder rupture 
resulted from the combination of an acute exacerbation 
of xanthogranulomatous cholecystitis associated with 
obstructed biliary drainage resulting from tumour 
occluding the cystic duct. Rupture led to the formation 
of a localized perihepatic abscess containing calculi. 

Perforation of the gallbladder is a recognized 
complication of acute cholecystitis; it tends to occur at 
the relatively avascular fundus and carries a high 
mortality (Sherlock, 1985), The perforation is most 
commonly sub-acute and is walled off by peritoneal 
adhesions (Neimeier, 1934). 

Findings on ultrasound in subacute gallbladder perfo- 
ration have been previously described as hypoechoic 
areas of variable sonolucency (Bergman et al, 1979; 
Kane, 1980), but only one case has been described where 
the collection contained calculi (Madrazo et al, 1982) 





Figure 1. Oblique section through the right hypochondrium 
showing the gallbladder, containing numerous calculi, with the 
dilated common hepatic duct 
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Figure 2. Longitudinal section through the epigastrium showing 
the hypoechoic area surrounding the left lobe of liver and 
containing low-level echoes and three calculi. 
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Xanthogranulomatous cholecystitis is an uncommon 
inflammatory disease of the gallbladder. It may present 
as acute, acute-on-chronic or chronic cholecystitis, with 
er without a right hypochondrial mass. It is character- 
ized by yellow nodules in a thickened gallbladder wall 
and is morphologically similar to xanthogranulomatous 
pyelonephritis. The xanthogranulomatous tissue often 
extends to adjacent structures and fistulae may form. 
Recurrent infections in the presence of calculi are 
thought to be significant aetiological factors (Roberts & 
Parsons, 1987). An association with adenocarcinoma of 
the gallbladder has been noted (Goodman & Ishak, 
1981). 

in reports of the appearances on ultrasound in 23 cases 
of xanthogranulomatous cholecystitis (Bluth et al, 1979; 
Düber et al, 1984; Hanada et al, 1987; Lichtman & 
Varma, 1987; Roberts & Parsons, 1987), calculi were 
present in 96%. The gallbladder wall was thickened in 
70%, appearing irregular in some and raising the 
suspicion of carcinoma. In four cases the disease 
appeared as a gallbladder mass. In a single case, gas in 
the biliary tree was found secondary to an enterobihary 
fistula. To our knowledge there have been no previous 
reports of gallbladder perforation in 
xanthogranulomatous cholecystitis leading to abscess 
formation. _ 

Adenocarcinoma of the gallbladder is an uncommon 
neoplasm whose association with gallstones is well estab- 
lished (Sherlock, 1985). In our case, although perforation 
was correctly diagnosed on ultrasound, neither xantho- 
granulomatous cholecystitis nor carcinoma was sus- 
pected pre-operatively. 

In conclusion, the presence of calculi in a perihepatic 
collection in association with an obstructed biliary tree 
indicates that gallbladder rupture has occurred and 
urgent surgery is required. Recognition of such complex, 
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multiple pathology pre-operatively may significantly 
affect the prognosis. 
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Giant central disc prolapse: a pitfall in computed tomographic diagnosis 


By G. Buirski, MRCP, FRCR 


Royal Melbourne Hospital, Melbourne 3050, Australia 


{ Received July 1988 and in revised form October 1988) 


The diagnosis of lumbar disc prolapse by computed 
tomography (CT) is now well established and is often the 
initial investigation in patients with sciatica (Buirski, 
1987). Myelography, however, is still necessary when the 
CT findings do not correlate with the clinical features 
or when an intrathecal abnormality is suspected. 
Occasionally. giant extruded disc fragments may he 
within the central spinal canal either above or below the 
adjacent disc level. If the central canal is totally occupied 
by the disc then the characteristic CT appearances of an 
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extradural mass may not be readily apparent. The case 
reported below illustrates this problem and a useful 
radiological sign on CT is discussed. 


Case report 

A 26-year-old woman initially presented in April 1987 with 
back pain associated with walking. This was treated 
conservatively with anti-inflammatory drugs and physiotherapy 
with good symptomatic relief. In October she noted 
paraesthesiae in both feet and shortly after developed pain 
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Figure 1. Coaxial CT scan through the L4/5 disc space showing 
only a mild central disc bulge slightly to the left of the midline 
(arrow). Note that the thecal sac (T) has an attenuation visibly 
lower than the psoas muscle (P), 


down the right thigh. Following a minor fall | month later her 
symptoms worsened and she had some difficulty in walking. At 
no stage was there bladder or bowel dysfunction. Neurological 
examination revealed decreased muscle power in both legs with 
loss of the normal! ankle reflexes; no other abnormality was 
demonstrated. The clinical diagnosis was a cauda equina lesion, 
possibly disc or tumour. 

Routine haematological and biochemical estimations were 
normal. A CT examination of the lumbar spine was performed 
using a GE 9800 scanner. The scan protocol consisted of a 
stacked sequence of 5mm contiguous images from L3 to SI, 
including angled coaxial scans through each of all the lumbar 
discs. Computed tomography showed no significant discrete 
disc prolapse at any adjacent dise level except for a mild 
postero-lateral bulge at L4/LS (Fig. 1). However, the apparent 
thecal sac within the central canal above the L4/5 dise had a 
visibly higher attenuation than the theca at comparative levels 
(Fig. 2). This suggested the presence of an extradural mass 
within the canal, possibly a large sequestrated disc fragment 
causing complete obliteration of the normal thecal sac. A 
myelogram was recommended and confirmed the presence of an 
extradural mass, later proven to be disc material at surgery 
(Fig. 3). 

Since this example, a further two patients with the “dense 
thecal sac” sign have been seen. The provisional radiological 
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Figure 2. A coaxial CT scan showing that the central canal (C) 
just below the level of the pedicles of L4 has a higher attenuation 
than the adjacent psoas muscle (P). The thecal sac is totally 
obliterated. 


Figure 3. The myelogram 
demonstrates a complete 
extradural spinal block at the 
interpedicular level of L4 
(arrow). This was proven to be 
disc material at surgery 





diagnosis of a sequestrated disc was confirmed by CT 


myelography studies in both cases. 
Discussion 


Disc prolapse at an adjacent disc level is often easily 
recognized on CT: the presence of a high-attenuating 
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mass, compression of the thecal sac and displacement of 
the associated nerve root are all features suggesting the 
diagnosis. The presence of epidural fat around the thecal 
sac and nerve roots allows these structures to be 
identifed and any asymmetry may indicate pathology. 
Sequestration of a disc fragment into other parts of the 
spinal canal may be missed when scanning only the disc 
spaces but should be identified when contiguous scans 
are available. If the fragment is large and lies in the 
central canal, the thecal sac may be so compressed that 
the differences in the CT attenuation between the thecal 
sac and dise cannot be appreciated. In addition, the 
absence of nerve roots and epidural fat in this region 
elnminates the other radiological signs that may be 
helpful. 

The importance of the density of the thecal sac has not 
been stressed previously. Normally the attenuation of the 
thecal sac is less than that of the surrounding muscles. 
This can best be confirmed by comparison with the 
adjacent psoas muscle. If the central canal has an 
attenuation higher than or equal to the psoas then a giant 
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central disc protrusion or other extradural mass must be 
excluded. If necessary, measurements of CT attenuation 
numbers may be helpful. In the case presented, the 
difference in density was visibly apparent on the images 
(Figs 1, 2) and attenuation values were not required. 
Magnetic resonance imaging, myelography or a CT 
myelogram should be the next investigation of choice. 

The “dense thecal sac” sign should be recognized by 
radiologists as it may be the only clue to significant 
pathology in the lumbar spine. This case illustrates 
another pitfall of CT interpretation in lumbar spine 
disease (Braun et al, 1984). 
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Submarine escape training, lung cysts and tension pneumothorax 


By W. R. Saywell, MA, FRCR 
Royal Naval Hospital, Haslar, Gosport, Hampshire 


( Received July 1988) 


Submariners in the Royal Navy are required to undergo 
escape training, which is performed in a water-filled 
tower. Entry is gained via air-locks at depths of 9, 18 and 
27m. The subjects ascend to the surface exhaling 
continuously to compensate for the increased gas volume 
in the lungs as the pressure decreases. Divers are in the 
water as safety attendants, and a medical team including 
a doctor is on standby. Prior to escape training, chest 
radiography is performed in full inspiration and full 
expiration. Particular attention is paid to areas of 
reduced compliance (e.g. scarring) and evidence of air- 
trapping, either of which may pre-dispose to pulmonary 
barotrauma (Liebow et al, 1959; Campbell-Golding et al, 
1960: Calder, 1985). 


Case report 

The subject of this report is a 21-year-old man who had an 
apparently normal chest radiograph (Fig. 1) and no significant 
previous medical history. He made an initial ascent from 9m, 
during which he experienced transient right-sided chest pain. 
Examination by the Medical Officer revealed no abnormality 
and a further ascent from 9 m was made. On completion of this 
ascent he emerged from the water pale and unsteady, 
complaining of dizziness and diplopia, but with no evidence of 
chest pain or dyspnoea. He was immediately recompressed to 
56m. A Medical Officer entered the compression chamber and 
found evidence of barotrauma to the ears, but no other 
abnormalities. The subject was given intravenous 
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dexamethasone and decompressed in accordance with a 
standard therapeutic table, RN Table 63 in The Royal Navy 
Diving Manual (HMSO, 1972), During the final 9 m slow ascent 
he complained of pain in the ears and right side of the chest. 
Examination on emerging from the chamber revealed evidence 
of a right-sided pneumothorax, and the patient was transferred 
to hospital. 

The chest radiographs on admission (Fig. 2) confirmed the 
presence of a right-sided pneumothorax and showed curvi- 
linear shadowing around the right hilum. A chest drain was 
immediately inserted and a further chest radiograph on the same 
day showed the right lung to have re-expanded revealing a 
number of well defined cystic lesions of varying sizes in the right 
mid and lower zones. 

Over the next 2 weeks there were a number of recurrences of 
the pneumothorax, and the cystic lesions were seen gradually to 
fill with fluid (Fig. 3). It became apparent that a broncho-pleural 
connection had developed and that the right lung would not 
remain inflated. The patient was then transferred to a specialist 
thoracic unit where right thoracotomy was performed. This 
revealed that the pleural space was free, with a small serous 
effusion. All three lobes of the lung contained multiple cysts 
ranging in size from 2 mm to 5 cm and superficial blebs. The cyst 
walls were extremely friable and burst on the slightest touch. 
The cysts were shown to consist of normal lung tissue, with 
pulmonary vessels running unsupported within the wall. Partial 
pleurectomy and full pleurodesis were performed and the 
patient made an uneventful post-operative recovery. 

Computed tomography was performed to assess the right 
lung, and to establish whether there were corresponding 
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(a) 





(b) 


Figure 1. Chest radiographs prior to escape training: (a) inspiration and (b) expiration, 


abnormalities in the left lung (Fig. 4). Multiple cysts of varying 
sizes were shown throughout all three lobes of the right lung, 
but the left lung was of normal appearance. 


Discussion 
A computerized literature search has been unable to 
locate any other cases of pneumothorax following 


pressure changes in subjects with intrapulmonary lung 
cysts. There are reports of superficial blebs or bullae in 
association with pneumothorax or other barotrauma. 
but it has not been possible to ascertain whether these 
bullae or blebs have been the cause or effect of the 
barotrauma (Liebow et al, 1959; Collins, 1966; Okalyi, 
1969; Calder, 1985). Campbell-Golding et al (1960) 





Figure 2. Chest radiograph on admission. Right pneumothorax 
and large air-filled cysts are clearly visible 
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Figure 3. Chest radiograph 12 days after admission. The largest 
cyst is almost half-filled with fluid. The lung remains inflated 
with the chest drain in situ. 
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Figure 4. Computed tomographic scan 6 weeks after admission. 
The patient has made a good recovery from surgery. Intra- 
pulmonary as well as superficial cysts are demonstrated. An air- 
fluid level is seen in the right main fissure. The left lung is of 
normal appearance 


report two cases of intrapulmonary cysts, but these were 
in cases of “bends” rather than pneumothoraces, and 
there were no previous radiographs, making the 
establishment of cause or effect impossible. In the current 
case, pre-morbid chest radiography taken only days 
before the incident are available (Fig. 1). Whilst initially 
reported as normal, retrospective assessment shows 
distinct areas of low attenuation corresponding to the 
sites of some of the larger of the subsequently 
demonstrated cysts. In particular, the area adjacent to 
the right hilum is of lower attenuation than the 
corresponding area on the left. These differences are 
slightly more apparent in the expiratory radiograph 
(Fig. 1b), as would be expected in the presence of a cyst. 

Computed tomography shows a number of 
intrapulmonary cysts, in addition to the subpleural blebs 
seen at operation. Previously these have been attributed 
to the barotrauma. In this case there is radiographic 
evidence of pre-existing intrapulmonary cysts. 


278 





Case reports 


Although few radiologists are required to report chest 
radiographs for submarine escape training, similar 
pressure changes may occur during hyperbaric therapy 
(Unsworth, 1973), commercial diving, sport (scuba) 
diving and compressed air (caisson) construction 
working. Breath-hold diving does not have this risk, as 
the lung volume at the surface is reduced on descending, 
and merely returns to its original volume on ascending. It 
should be borne in mind that the dive does not have to be 
very deep to produce a risk of barotrauma. Gas within 
the lungs expands in accordance with Boyle's law, and in 
shallow water a relatively small change in depth can lead 
to a large change in volume. 

Evidence of lung cysts or other causes of air trapping 
should be considered a contra-indication to the 
occupations listed above. 
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Case of the month 


The misleading pre-operative chest radiograph 


By “Janet Ipinyomi and lain Watt 


Department of Radiology, Bristo! Royal Infirmary, Bristol BS2 8HW 


(Received September 1987 and in revised form June 1988) 


A 66-year-old man presented to the Accident and 
Emergency Department with pain in the right hip and 
difficulty in weight bearing after falling in the street that 
morning. He smoked about 15 cigarettes a day and had a 
wheeze which was relieved by Salbutamol. No other 


relevant history was elicited, apart from a vague story of 


ill defined upper chest pain in the past. 








*Current address: X-ray Department, Kwara State Specialist 
Hospital, PMB 1452, Sobi-Ilorin, Kwara State, Nigeria 


Figure 1. Frontal view 
Casualty Department 


Figure 3. Frontal tomogram of the upper chest 
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On examination he was observed to walk with a limp 
His right hip was externally rotated, with limitation of 
movement because of pain. His right lower limb was 
2cm shorter than the left. Radiographs of the pelvis and 
chest and an apical view are shown in Figs | and 2 and 
frontal tomography of the chest was subsequently 
performed (Fig. 3). 

What are the abnormalities demonstrated? What 
differential diagnosis should be considered and what 
might skeletal scintigraphy reveal? 





(b) 


Figure 2. (a) Frontal and (b) apical views of the chest 
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Figure 4. Late phase of an HDP bone scintigram, centred over 
the right upper femur and hip 


A bone scintigram was performed a few days after 
admission to hospital. The right femoral head was 
imaged to assess vascularity (Fig. 4). Increased activity 
was shown at the fracture site but the femoral head was 
photon deficient. Delayed views of the upper thorax 
demonstrated marked activity in both clavicles medially, 
the manubrium and anterior upper ribs (Fig. 5). What ts 
the diagnosis? 

Discussion 

Post-traumatic avascular necrosis and sterno- 
costoclavicular hyperostosis were diagnosed. The pelvic 
radiograph reveals a transcervical fracture of the femur. 
The chest radiograph demonstrated no lung or medi- 
astinal lesions but an ill defined opacity overlying the 
apices. An apical lordotic view confirmed that the apices 
were normal, the opacities being shown to be bony, 
corresponding to considerable sclerosis of the clavicles, 
first ribs and first costal cartilages. This was confirmed 
tomographically (Fig.3). An initial impression of an 
apparent apical abnormality raised the possibility of a 
Pancoast tumour with, possibly, a pathological fracture 
of the femur, but the subsequent demonstration of 
sclerotic clavicles opened up a further differential 
diagnosis, including Paget's disease and prostatic 
metastases. No abnormality of blood chemistry was 
found, apart from a slight increase in serum alkaline 
phosphatase to 15 (normal range 3-13) KA units, 
consistent with a recent fracture. 

The bone scan shows increased activity over the upper 
chest confirming considerably increased bone activity tn 
the abnormal areas shown on plain radiography. 
Avascular necrosis of the right femoral head was also 
shown. Histological examination of the femoral head 
and neck at subsequent total hip replacement confirmed 
recent avascular necrosis and revealed no evidence of any 
other pathology 

The sclerotic clavicles, sternum and first ribs result 
from a disorder known as sternocostoclavicular 
hyperostosis with no known relevance to the fracture of 
the femoral neck. Sternocostoclavicular hyperostosis is a 
benign disorder characterized by hyperostosis and soft- 
tissue ossification between the clavicles, anterior portions 
of upper ribs and sternum. It was first reported in 1974 
(Sonozaki et al, 1974) and over 50 cases have been 
described, mainly in the Japanese literature. The 
aetiology is unknown, but the condition may be more 
common than presently recognized. Males are affected 
more than females and patients are usually middle-aged 
(30-50 years), presenting with chronic upper chest pain 





Figure 5. Late phase scintigram centred over the upper anterior 
chest 


of several years duration, local bullous eruptions and 
some with pustulosis palmaris et plantaris. Similar skin 
lesions are also described in chronic recurrent multifocal 
osteomyelitis which affects a younger age group (Cyrlak 
& Pais, 1986). A few reported cases had psoriasis for 
several years (Colhoun et al, 1987). The current patient 
did not present with any of the above symptoms, apart, 
perhaps, from his vague history of chest pain. 

Local complications include bony overgrowth which 
may lead to a wide, thick sternum and occlusion of 
subclavian veins. Other associated skeletal disorders 
have included sacroiliitis and abnormalities of the spine 
similar to diffuse idiopathic skeletal hyperostosis 
(DISH), ankylosing spondylitis and peripheral 
inflammatory arthritis (Sartoris et al, 1986). Laboratory 
findings include raised erythrocyte sedimentation rate, 
positive C-reactive protein, and elevated «2 globulin. 
Rheumatoid factors are characteristically absent. 

Differential diagnosis includes other sclerosing 
conditions of the clavicles, in particular osteoblastic 
metastasis, Paget’s disease, chronic sclerosing 
osteomyelitis and condensing osteitis of the clavicles 
(Franquet et al, 1985). Osteoblastic metastases are rarely 
isolated to the clavicles. Paget's disease may affect the 
clavicles, but other bones are typically involved; the 
clavicles are usually expanded and bony fusion with the 
ribs and sternum is unlikely. Chronic sclerosing 
osteomyelitis may have similar appearances but is 
seldom symmetrical. Very early stages of sterno- 
costoclavicular hyperostosis may simulate condensing 
osteitis of the clavicles. The latter, however, tends to 
affect a younger age group and is not progressive. 
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Short communications 


Effects of inhibition of intercellular communication on repair of damage induced by 


ionizing radiation 
By J. Madhoo, BSc and *G. Blekkenhorst, PhD 


Department of Radiotherapy, Groote Schuur Hospital and University of Cape Town, Observatory, 7925, 


South Africa 


(Received September 1988) 


It has been suggested that intercellular contact enhances cellular 
repair after radiation damage (Durand, 1984). One form of 
intercellular communication is mediated by intercellular gap 
junctions (Gilula et al, 1972). These are specialized cell-cell 
contacts that allow the direct passage of small molecules from 
the cytoplasmic compartments of one cell to that of a 
neighbouring cell. Intercellular junctional communication can 
be inhibited to varying degrees with tumour-promoting phorbol 
esters, retinoids (Davidson et al, 1985a), organochlorine 
pesticides (Davidson et al, 1985b), and a-glycyrrhetinic acid 
(AGA) (Davidson et al, 1986). The question posed in the present 
study was whether the junctional inhibitor AGA could be used 
to modify repair of radiation damage. 


Materials and methods 

All experiments were performed using murine B16 melanoma 
cells grown as monolayers in McCoys 5A medium 
supplemented with 10% fetal calf serum. Cells were used in the 
plateau phase, i.e. grown to confluence. Since AGA binds to 
albumin, exposure of the confluent cells to irradiation or AGA 
was performed in serum-free medium. The AGA was added 
30min before irradiation in all experiments. Cells were 
maintained in this medium until they were plated out for 
clonogenic assay. Suspensions of cells were prepared by 
trypsinization and 400 cells were seeded into plastic tissue 
culture flasks (Falcon 25cm?) together with serum-containing 
medium. A minimum of four replicate flasks were used at each 
irradiation dose level. 

Flasks were incubated at 37°C in a humidified atmosphere 
consisting of 5% CO, and 95% air for 13 days. Colonies were 
fixed and stained with 1% gentian violet and counted to 
ascertain cell survival. Each experiment using different 
conditions was performed at least four times, and data from the 
separate experiments was pooled. Survival curves were fitted by 
eye. 

Irradiations were performed using an Eldorado 6 “Co Unit 
(Atomic Energy of Canada). 


Results 

Toxicity of AGA to the cells was determined by exposure of 
confluent monolayers of cells in serum-free medium to 
increasing concentrations of the compound for 48h. A 
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clonogenic assay revealed that up to 5 um there was no decrease 
in cell survival over cells not exposed to AGA. In all subsequent 
experiments AGA at a concentration of 4 um was used. 

A shift of the survival curve to higher doses was observed 
when cells were irradiated and maintained in serum-free 
medium for 48h before plating out compared with the curve 
obtained when cells were plated out immediately following 
irradiation (Fig. la). 

When cells were exposed to 4m AGA and irradiated, and 
exposure to the compound was maintained for 48 h before cells 
were plated out, there appeared to be an inhibition of repair. 
This was evidenced by the reduction of the shoulder in the 
survival curve, as well as the shift of the survival curve to lower 
doses when compared with the survival curve obtained 
following 48 h delayed plating in the absence of AGA (Fig. Ib). 

Figure Id shows survival curves obtained when cells in the 
plateau phase of growth were irradiated with Co y-rays in the 
presence or absence of 4m AGA, followed by immediate 
plating. There was no difference in the curves up to 6Gy, 
although an increase in survival was noted in cells irradiated by 
8 Gy in the presence of AGA. 


Discussion 

We have observed an inhibition of repair of damage induced 
by ionizing radiation when B16 cells in culture were exposed to 
AGA for 48 h (Fig. 1b). The compound does not appear to act 
as a “classical” radiosensitizer, as indicated by our observations 
that up to 6 Gy the survival curves obtained when cells were 
plated out immediately after irradiation in the presence or 
absence of AGA were virtually superimposable (Fig. 1d). 
Indeed, it appeared that at 8 Gy the AGA acted to diminish the 
effect of irradiation (Fig. Id). 

A comparison of the immediate and delayed plating survival 
curves in the presence of AGA (Fig. Ic) is also of interest. When 
cells were exposed to AGA for 48 h following irradiation, there 
was an almost complete abolition of the shoulder although at 
the higher doses, viz. 6 and 8 Gy, survival levels were not 
significantly different from those obtained in the case of cells 
plated immediately. The compound AGA has previously been 
shown to inhibit intercellular junctional communication 
(Davidson et al, 1986). 

We suggest that our findings are consistent with the concept 
that inhibition of intercellular communication adversely affects 
cellular repair following ionizing radiation. It is quite likely that 
this is not the only mechanism involved, and further studies are 
indicated. We believe that inhibition of cellular repair represents 
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a novel approach to increasing radiosensitivity, and the 
junctional inhibitors warrant further investigation in this 
regard. 
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Precipitation of radiation injury in kidney epithelium reveals a low fractionation 


sensitivity (a/B = 12.5 Gy) 
By “C. Ewen and tJ. H. Hendry 
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Manchester M20 9BX 
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The «/f ratio can be used to quantify the sensitivity to change 
in dose per fraction of tissues. It has been shown that late- 
responding tissues are more sensitive to these changes 
than are early-responding tissues, i.e. the former apparently 
have more repair capacity at low doses per fraction (Thames 
etal, 1982). For early responses in tissues the «/f ratio is 
generally between 5 and 20 Gy, and for late reactions it is 
usually 2-5 Gy (Fowler, 1984; Thames & Hendry, 1987). Of 
the various reasons currently considered most likely to explain 
this general difference, the cycling status of the target cells 
during the fractionation schedule may play a role. A greater 
initial or radiation-induced heterogeneity in sensitivity among 
the target cells in early-responding tissues, associated with 
differences in cell-cycle-phase distributions, could lead to a 
lesser overall fractionation effect (Zeman & Bedford, 1984: 
Schultheiss et al, 1987). However, the contribution of this 
effect for different tissues is difficult to quantify because of the 
difficulties in defining the target-cell populations and their 
cycling and sensitivity characteristics (Hendry & Potten, 1988). 
Another reason relates to the times available for cellular 
repair among tissues prior to fixation of potentially lethal 
lesions consequent on movement in the division cycle (Thames, 
1985; Curtis, 1987). Longer repair times will be available for 
the more slowly cycling target-cell populations in late- 
responding tissues. Post-irradiation repair of potentially lethal 
damage may affect the shoulder more than the final slope 
(Phillips & Tolmach, 1966; Gould & Clifton, 1979), and if the 
fractionation effect reflects the shape of the single-dose survival 
curve, lower «/f ratios would result for slowly cycling target 
cells in late-responding tissues. Correspondingly, higher a/f 
ratios should result if the target cells are stimulated to 
proliferate soon after irradiation (p. 119 in Thames & Hendry, 
1987). The latter was tested using the liver by stimulating 
hepatocytes at various times after irradiation to grow and form 
colonies. For this system, the «/f ratio was low (1-2 Gy) for 
all delay periods and tended to increase with increasing delays 
(Fisher & Hendry, 1988), This may relate to the fact that for 
these cells there was little shoulder to the single-dose survival 
curve, in contrast to the high fractionation sensitivity, and that 
post-irradiation delays decreased the slope but did not decrease 
the shoulder. The «/f ratio for the kidney, measured acutely by 
precipitating injury in the epithelium, is now reported. 


Materials and methods 

Groups of five adult male B6D2F, mice were irradiated to 
both kidneys using a range of single or fractionated (up to 16) 
doses of 300 kVp X rays (1 Gy/min) with 8 h between doses. 
The maximum single dose given was 16 Gy and in the 16 
fraction group the maximum total dose given was 48 Gy. One 
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hour after the last fraction 16 mg kg™' uranyl nitrate (UN) 
was injected intravenously followed by a second injection 7 
days later. After a further 7 days the mice were killed. 
Longitudinal sections of the kidney were cut at 5 um and 
stained with haematoxylin and eosin for counting tubular 
cross-sections (Withers et al, 1986). The UN produces acute 
tubular necrosis, principally in the straight portion of the 
proximal convoluted tubule. This is followed by a burst of 
compensatory proliferation which expresses the radiation 
injury through mitotic failure. This technique has been 
developed into a colony assay and has been used to measure 
the acute radiosensitivity of the colony-forming cells. It is 
described in detail elsewhere (Ewen, 1987: Ewen & Hendry. 
1989). 

Direct analysis of the raw data was performed to obtain the 
fractionation-sensitivity parameters for the colony-forming 
cells, using the equation: 


Probability of no colony formation = 
exp [—exp (InK —nfad+ BED] 


where n fractions of dose d are delivered and K is a constant 
{Thames et al,1986a). 


Results and discussion 
The tubule cross-section data for the fractionated doses in 
two experiments are shown in Fig. |. The parameter values in 


Surviving fraction 





10 20 30 49 


Total dose (Gy) 


Figure 1. Survival curves for tubule cross-sections. ©, @, 
single doses; [], W. two fractions; A, A. four fractions: Y. 
Y, eight fractions; ©, @, 16 fractions. Open and closed 
symbols represent two experiments. Standard errors are 
approximately 10% of the mean values. Left-hand cross, 
expected total dose in 16 fractions (see text) if a/f = 4.2 Gy: 
right-hand cross, expected total dose in 16 fractions (see text) if 
aiB = 1.6 Gy. 
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Table L Direct analysis of kidney fractionation data from raw colony counts 


ENKELSNIT Te TS Tver aT TT ARABARRA AA AA sATA NAR AA 





Ink 10 a(Gy~*) 100 B(Gy~ *) a/B (Gy) 
Experiment | 1.49 0.77 0,53 14.5 

(1.41-1.57) (0.74-0.80) (0.49--0.57) (13.3~-15.9) 
Experiment 2 2.00 0.88 0.65 13.6 

(1.91-2.10) (0.84-0.92) (0.62-0.67) {(12.8-14.5) 
Experiments Í +2 1.74 0.79 0.63 iz) 

(1.69-1.80) (0.77-0.81) (0.61-0.65) (12.0-13.1) 
Experiments | +2 1.54 0.60 0.71 8.4 
excluding [6 fractions (1.48-1.60) (0.57-0.62) (0.69-0.74) (7.8-8.9) 
Table I show that the a/f ratio was consistently in the range Acknowledgments 


12-16 Gy, much higher than values of 0.4-4.0 Gy reported for 
long-term functional assessments of kidney injury (reviewed by 
Thames & Hendry, 1987). The raw data for 16 fractions 
showed no clear separation from those after 8 fractions (Fig. 
D, but even when the 16-fraction data were excluded from the 
calculation the a/f ratio was still high at 8.4 Gy (Table I). For 
interest, the doses calculated for 16 fractions resulting in 50% 
tubule survival, on the basis of a single dose of 13 Gy, are 
shown in Fig. | using an a/f ratio of 1.6 Gy (determined for 
weight loss and urination frequency: right-hand cross, Fig. 1) 
and 4.1 Gy (determined for °'Cr-EDTA clearance; left-hand 
cross, Fig. 1) (Willams & Denekamp, 1984). Also, the values 
of « and # are higher than the reported range of 
0.13-0.22 Gy"! (a) and ~0.02 Gy~? (f) for the fractionation 
response of early-responding tissues using colony techniques 
(Thames & Hendry, 1987). This is due largely to the presence 
of a residual colony number at single doses above 20 Gy, 
which has the effect of reducing the rate of decline of colony 
number with increasing dose after lower single doses (Ewen & 
Hendry, 1988}. The reason for this is not known but may 
relate to the UN not reaching part of the tubule which then 
does not proliferate in response to cell death in other regions, 
or to the presence of cells incapable of division in some parts 
of the tubules. 

This is the first report of a fractionation response for a 
normally late-responding tissue being characteristic of that for 
early-responding tissues, when assayed acutely by precipitating 
the radiation injury. Unfortunately it was not found possible 
to perform this assay in the same way on mice at long times 
after irradiation because of their much lower tolerance of the 
UN treatment. The reasons for the different fractionation 
responses may relate to (a) the uncertain number of cell 
divisions accomplished in this short-term assay (Ewen & 
Hendry, 1988} and the possibility of differences in the number 
of post-irradiation divisions of cells depending on the 
dose/fraction (Wheldon et al, 1982; Thames et al, 1986b; 
McBride & Withers, 1986); (b) the type of target tissue being 
assessed (proximal tubule epithelium in the present studies and 
possibly vascular tissue in many of the functional assessments 
(Williams, 1986) or (c) the fact that expression time and post- 
irradiation recovery phenomena do influence the sensitivity of 
tissues to fractionation. These data suggest that the kidney 
may respond much more severely than expected to cytotoxic 
trauma given shortly after multifractionated irradiation, 
because of the greater amount of injury yet to be repaired at 
these early times after low than after high dose-per-fraction 
regimens. Also, this effect may be relevant to the interpretation 
of the response of tissues in general to dose fractionation. 
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Autoradiographic imaging of pion stopping distribution utilizing scanning laser 


stimulated luminescence 
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A new type of detector using scanning laser stimulated 
luminescence (SLSL system) (Sonoda et al, 1983) makes it 
possible to visualize small amounts of radiation exposure more 
efficiently than with conventional X-ray film. An 
autoradiographic technique using this system has the potential 
to image radioactivity when previously this was not possible. 
We have applied the system to the detection of radioactivity 
induced in aluminium foil by negative pion irradiation. The 
distribution of the trace of activity was well demonstrated, 
especially in the pion stopping region. 

The new radiation area detector was developed for use in 
medical diagnostic radiography (Sonoda et al, 1983). The 
system (CR201) consists of a phosphor screen imaging plate, an 
image reader, an image processor, and an image writer (Fig. 1). 
The imaging plate (IP) is a I mm thick flexible plastic plate 
coated with a 0.15mm thick layer of fine photostimulated 
phosphor crystals, BaFBr:Eu**. These crystals act as energy 
traps when exposed to ionizing radiation, thus producing a 
stored image that is subsequently released by illuminating the 
phosphor with red light from a helium~neon laser. The surface 
is scanned by this laser and emitted light ts collected by a 
photomultiplier tube. The tube output is amplified and then 
digitized on a pixel by pixel basis (8 bits/pixel). The resulting 
digital data are manipulated by the image processor and finally 
converted back into analogue signals that modulate the 
intensity of another helium—neon laser beam scanning a 
photographic film to record the image. 

The spatial resolution of the image has been reported to be 
less than two pixels (one pixel=0.15mm 0.15 mm) at full 
width at half maximum (FWHM) in two orthogonal directions 
(Ameriya et al, 1983; Miyahara et al, 1986). The detector 
quantum efficiency and dynamic range are several orders of 
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Figure 1. (a) Pion irradiation arrangement, showing horizontal 
static pion beam and aluminium foil sandwiched between 
PMMA blocks. The surface of the aluminium foil was inclined 
toward the beam axis at an angle of 4° so that pion stops in the 
foil with almost the same range as pions in PMMA. (b} Process 
for recording an autoradiographic image of pion-induced 
radioactivity in aluminium foil with an imaging plate and image 
developing installation, consisting of an image reader, processor 
and writer, 





Figure 2. Autoradiographic tmage of pion-induced radioactivity 
in aluminium foil. The circles are autoradiographic images of a 
Brav emitter corresponding to exposures of approximately $, 
10, 20, 30, 50x 1077 R (1 R = 258x 107° Ckg™!). 


magnitude greater than for conventional high-sensitivity 
photographic film. These characteristics make it possible to 
image extremely jow radiation exposures without excessive 
background interference. 

Beams of negative pions are being used for cancer 
radiotherapy at TRIUMF (Goodman et al, 1985). The “star” 
formation of the pion-capture reaction produces a localized 
region of dense ionization resulting in a greater biological effect 
than with conventional therapy using X-rays (Fowler & Perkins, 
1961). Precise estimation of the pion-stopping distribution is 
necessary to ensure that they come to rest in the tumour region. 
This can be achieved by measuring the activity of the 
radioisotopes produced by pion-capture reactions. A model for 
this is the irradiation of aluminium pellets buried in tissue- 
equivalent plastic. Measurement of the resulting activity 
provides a profile of stopping intensity with depth (Hogstrom & 
Amols, 1980). Similarly, aluminium foil may be used to produce 
a two-dimensional pion-stopping distribution (Salzmann et al, 
1982). Conventional X-ray film is not sufficiently sensitive to 
produce an autoradiographic image because of the very low 
level of activity, but this can be achieved by using the SLSL 
Hnaging system. 


Methods 

Horizontal pion beams were used to bombard an aluminium 
foil sandwiched between two thick polymethylmetacrylate 
(PMMA) blocks (Fig. i) About 10h after completing 
irradiation the activated foil was removed from the PMMA 
blocks and placed on an imaging plate for autoradiography. A 
calibration curve of relative exposure against optical density 
was determined for each imaging plate by exposing it to a 
circular “U f-ray source for different lengths of time. 

To determine whether this technique can accurately define the 
pion stopping distribution the results were compared with 
aluminium pellet activation measurements. A similar irradiation 
sel up was used for each technique. The pellets were irradiated 
in a PMMA block and the induced activity was counted in a 
Nal well counter with a single channel centred on the 1.37 MeV 
y-ray full energy peak from the “Na produced by the “Al (x , 
a XX) “Na reaction. 
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Figure 3. Comparison of relative depth~activity profiles along 
the beam axis measured with the aluminium pellet activation 
method (@. A) and autoradiography (=== -) in (upper) 
narrow and (lower) broad momentum spread beam. 


Results and discussion 

A typical autoradiograph obtained from the imaging plates is 
shown in Fig. 2. Prominent radioactivity was demonstrated in 
the pion-stopping region, the distribution of activity agreeing 
with that measured by aluminium pellet activation (Pigg. 3). 
Units to accompany the autoradiographic curves in Fig: are 
exposures estimated from aluminium foil using the calibration 
curve mentioned above, normalized at 100% to fit the activity 
peak. The depth of peak activity was 26 and 22-24 gcm °° for 
the narrow and broad momentum spread beams used, 
corresponding to average pion kinetic energies of 100 and 88-92 
MeV, respectively. There is a small amount of exposure from 
radioactivity in the pion entrance region which ts relatively 
larger than with the aluminium pellet measurement. 

The residual activity in the foil at the pion stopping region ts 
due to the primary nuclear product from the pion-capture 
reactions and secondary products created when the lighter 
fragments (neutrons, protons, « particles etc.) from the pion 
stars in PMMA blocks and foil themselves undergo nuclear 
reactions with the aluminium atoms CHogstrom & Amols, 
1980). The activity at the pion entrance region can be attributed 
mainly to nuclear interactions by pions in flight. The 
discrepancy between autoradiographic and pellet measurement 
may be due to radioisotopes other than “Na formed in the foil. 

Exposure density calibration curves from the f-ray emitter 
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series fitted reasonably well to quadratic equations between 
Sx 10% and 5x10*R. 

Pion beam bombardment provides an appropriate starting 
point for the application of autoradiography using the SLSL 
system. The agreement between the SLSL system and 
aluminium pellet activation suggests that this could be a 
breakthrough in measurement of low-radioactivity area 
detection. For example, the same technique can be used for 
other particle beams to study activation distribution. 
Understanding the radionuclide and cross-section of nuclear 
interactions will aid the interpretation of more complicated 
images. There is no doubt that materials other than aluminium 
foil can be used as alternative radioactive sources. For 
biomedical application, autoradiography of animal or human 
tissues could be visualized more quickly in a wider dynamic 
range using less radioactivity. New radiopharmaceuticals 
including monoclonal antibodies are worth exploring further in 
connection with autoradiography using the SLSL system. 
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Primary orbital lymphoma is a rare form of extranodal 
lymphoma and accounts for only 1% of all orbital tumours 
(Callgr et al, 1975), Recently reported series have dealt 
principally with the clinical and radiotherapeutic aspects of the 
disease, including risk factors for the development of systemic 
lymphoma (Knowles & Jakobiec, 1980; Fitzpatrick & Macko, 
1984; Barthold et al, 1986; Gordon et al, 1986), Published data 
on the results of staging investigations have included little 
information on computed tomographic (CT) scanning (Henk, 
1982; Bessel! et al, 1989). Most patients undergo extensive 
investigation including a full blood count and erythrocyte 
sedimentation rate (ESR), liver function tests, bone marrow 
examination, chest radiography and, in recent years, 
abdominal and thoracic CT. 

We have retrospectively studied a group of patients with 
primary orbital lymphoma, with particular reference to their 
Staging investigations and to the factors affecting the 
development of systemic disease. 
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Methods 

All patients with primary orbital lymphoma who were 
referred for abdominal and thoracic CT were included. This 
group did not include those patients with known non- 
Hodgkin’s lymphoma and secondary orbital involvement. 
Many of these patients were referred by Mr J. Wright at the 
Orbital Clinic, Moorfields Eye Hospital for further manage- 
ment after initial investigation including open biopsy, 
pathology and orbital CT scanning. 

Patients underwent a full clinical examination, blood count 
and ESR, liver function tests, bone marrow trephine and chest 
radiography. In addition, many patients seen since 1984 had 
abdominal and orbital CT scans performed at the time of 
presentation. Each patient was given local radiotherapy to the 
tumour to a dose of 20-30 Gy. 


Results 

A total of 24 patients were seen with an age range from 35 
to 81 years (mean 60 years). The female to male ratio was 2- 1. 
There were 17 patients with orbital lesions, one of whom had 
bilateral disease, and seven patients with conjunctival lesions, 
two of whom had bilateral disease. Twenty-one patients had 
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Table L Histology of the orbital lymphomas 


Histologic type 


Diffuse lymphocytic lymphoma 16 
Nodular lymphocytic lymphoma 4 
Histiocytic lymphoma 2 
Indeterminate lymphocytic lesion 2 


low-grade and three had high-grade lymphoma, Details of the 
histologies encountered are shown in Table I. Most patients 
had CT performed at the time of initial diagnosis but in five 
cases this was not done, as they presented prior to the 
acquisition of the equipment. Others had CT performed after 
clinical evidence of relapse had occurred. The sequence of CT 
examinations in the group is shown in Fig. I. 

The results of the initial staging investigations are shown in 
Table H. Of the eight patients who had CT performed after 
relapse had occurred, four were positive. Of these, one revealed 
mediastinal lymphadenopathy in a patient with a pleural 
effusion (Case 8, Table IN), the second para-aortic 
lymphadenopathy in a patient with widespread lymph node 
enlargement and an epigastric mass (Case 1, Table III), the 
third a para-aortic lymph node mass in a patient with “B” 
symptoms, skin involvement and a pleural effusion (Case 6, 
Table HD, and the fourth showed a pelvic lymph node mass in 
a patient with liver enlargement (Case 7, Table HI). 

Four of 24 cases (16.5%) were found to have evidence of 
systemic lymphoma at the time of presentation. One had 
bilateral orbital tumours, an elevated ESR and Bence~—Jones 
protein in the urine. Another had a unilateral orbital tumour 
and skin nodules on the face. The third had bilateral 
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Figure 1. Flow chart showing the sequence and results of 
staging investigations. 
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Table I]. Results of staging investigations 


SEOSE 








Investigation Number Result 
performed S RRES 
Positive Negative 
Chest radiograph 24 0 24 
Lymphogram | 0 l 
Liver scan j 0 l 
CT (abdomen and pelvis) 19 1° 18 
CT (thorax) 3 0 3 
Bone marrow trephine 24 0 24 
Blood tests (blood count, 
ESR, liver function tests) 24 r 23 


DOSO OOOO a aaa RA 


"Pelvic and para-aortic lymph nodes. "Elevated ESR. 


conjunctival lesions and palpable cervical lymphadenopathy, 
and the fourth had a unilateral orbital tumour and deep vein 
thrombosis with both pelvic and para-aortic lymph node 
disease shown by CT. The first two patients had low-grade 
diffuse lymphocytic lymphoma and the last two had low-grade 
nodular lymphocytic lymphoma. 

Nine of 24 patients (37.5%) subsequently developed 
systemic lymphoma after an interval of | month to 6 years 
(mean 4 years). Details of this group are shown in Table IH. 
All nine patients had negative staging investigations when first 
seen. However, one patient had. invasion of the maxillary 
antrum demonstrated on the orbital CT scan (Case 6, Table 
HI), which does not alter the stage but is reported to be 
associated with a higher incidence of relapse. 


Discussion 

The age range, sex ratio and clinical features of this group of 
patients is similar to that reported by others (Kim & Fayos, 
1976: Knowles & Jakobiec, 1980; Barthold et al, 1986; Mittal 
et al. 1986). 

The initial staging investigations were negative in 20 of 24 
cases (83.3%). Of the four patients who were found to have 
disseminated lymphoma at the time of presentation, in only 
one was the diagnosis made and the clinical stage altered by 
the radiological investigations. Two of the patients had 
bilateral tumours, which is reported to be associated with a 
higher incidence of systemic lymphoma (Blodi & Gass, 1968). 
The only evidence of extraorbital disease shown by the 
radiological staging investigations was local invasion .of the 
maxillary antrum demonstrated on the orbital CT scan of one 
patient and pelvic and para-aortic disease shown on the 
abdominal CT scan of the patient with the deep vein 
thrombosis. The other radiological investigations did not show 
systemic lymphoma (see Table H). In view of these negative 
results, we suggest that radiological staging investigations in 
primary orbital lymphoma be confined to a chest radiograph 
and an orbital CT scan unless there is bilateral orbital 
involvement or clinical evidence of disseminated lymphoma. 
An orbital CT scan should be performed to aid radiotherapy 
planning. If bone destruction or bilateral disease are 
demonstrated on the scans, further investigation is indicated as 
these factors are known to be associated with a greater risk of 
developing systemic lymphoma (Knowles & Jakobiec, 1980). 

Nine patients developed systemic lymphoma. Various 
authors have reported an incidence of progression to systemic 
disease from 5.8% to 71.4% (Ampil & Bahrassa, 1985). 
Knowles and Jakobiec (1980) have suggested that a 5-year 
disease-free period is sufficient to exclude associated systemic 
lymphoma, but in this series one patient developed systemic 


The British Journal of Radiology, March 1 989 


Short communications 


Table IH. Clinical details of the patients who developed systemic lymphoma 








Case Age Sex Site of Time after Site of relapse Abnormal "Dp Histology 
primary presentation blood tests symptoms 

I 67 F Orbit 2 years LN neck, abdomen, groin Alk. ph. + WDNL 

2 7§ F Orbit 2.5 years Larynx Nil — DL 

3 57 F Orbit 3 years Pleura ESR. = WDDL 

4 59 F Orbit 9 months Skin, LN neck Alk. ph = NL 

5 48 F Conj. 1 month LN Nil on PDDL 

6 80 F Bil. conj | year LN neck, abdomen, skin, chest ESR, + BJP, alk. ph. + WDDBL 

7 68 M Orbit 6 years Liver, pelvis ESR, alk. ph. — H 

8 61 F Orbit 5 years Pleura, mediastinum ESR — DL 

9 68 F Orbit 6 years Submandibular gland Alk. ph. — WDDL 


Key: LN, lymph node; alk. ph., alkaline phosphatase; BJP, Bence—Jones protein; WD, 


well differentiated; PD. poorly 


differentiated; NL, nodular lymphocytic; DL, diffuse lymphocytic; H, histiocytic. 


disease after 5 years and a further two patients relapsed after 6 
years. All nine patients that developed systemic lymphoma had 
clinical evidence of disease, such as symptoms (four patients), 
palpable lymph nodes (four patients), pleural effusion (two 
patients) and liver enlargement (one patient). Seven patients 
developed abnormal blood tests (elevated ESR or elevated 
alkaline phosphatase). In six cases the site of disease included 
the neck and in four it was confined to the neck. Only two 
patients developed systemic lymphoma at multiple sites. 

In this series, six of 16 cases with diffuse lymphocytic 
lymphoma, two of four cases with nodular lymphocytic 
lymphoma and one of two cases with histiocytic lymphoma 
developed systemic disease. Several authors have stated that 
histiocytic orbital lymphoma is more likely to become 
disseminated (Case 7, Table HD (Kim & Fayos, 1976; 
Knowles & Jakobiec, 1980; Ampil & Bahrassa, 1985: Bessell 
et al, 1989). Patients with poorly differentiated orbital 
lymphomas have also been described as more likely to develop 
systemic disease (Knowles & Jakobiec 1980: Bessel! et al, 1989) 
and at an earlier stage (Case 5, Table HI). Conjunctival 
lymphomas have been noted to undergo dissemination at an 
early stage (Kim & Fayos, 1976), although the incidence of 
systemic disease is less common with conjunctival than with 
orbital lymphoma. In this series, there was a 42% rate of 
development of systemic lymphoma when the primary lesion 
was conjunctival and a 60% rate when the primary was 
orbital. 

There were no local recurrences after radiotherapy. Follow- 
up at 3- to 6-monthly intervals with clinical examination, full 
blood count, ESR and liver function tests was carried out. 
Long-term follow-up from | month to 9 years (mean 2.5 years) 
was achieved. Nineteen of 24 (79%) are alive and disease-free 
at | month to 9 years, three of 24 are alive and on treatment 
for systemic lymphoma at 2 to 2.5 years and two of 24 died of 
unrelated disease. 

Excluding the four patients who had systemic involvement 
at presentation, 45% of patients in this series with true 
primary orbital lymphoma subsequently developed systemic 
disease. This relatively high figure is a result of the selection 
method used in this study, as patients who are referred for CT 
scanning are those most likely to have disseminated disease. 
Factors which confer a higher risk of dissemination are 
bilateral disease, an orbital versus a conjunctival primary 
lesion, orbital bone destruction and a poorly differentiated 
and/or histiocytic tumour. We recommend a chest radiograph 
and an orbital CT scan as radiological staging investigations. 
Abdominal and thoracic CT should be reserved for patients in 
whom there is clinical or haematological suspicion of systemic 
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lymphoma and for those young patients with high-grade 
lymphoma in whom high-dose chemotherapy is contemplated 
as an alternative to radiotherapy because they have a high risk 
of developing systemic disease. 
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Demonstration of vertebral body end plate veins by magnetic resonance imaging 
By W. R. Saywell, MA, FRCR, *H. V. Crock, AO, MD, MS, FRCS, FRACS, "J. P. S. England, 


FRCS and TR. E. Steiner, CBE, MD, FRCR 


Departments of Nuclear Magnetic Resonance and *Orthopaedic Surgery, Roya! Postgraduate Medical 
School, Hammersmith Hospital, Du Cane Road, London W120MS 


(Received September 1988) 


The venous drainage of the vertebral end plate capillary bed is 
via a plexus of post-capillary venules in the subchondral region, 
which drains into a horizontal subarticular collecting vein, This 
vein then joins the anterior internal vertebral venous plexus. 
There are also anastomotic connections through vertical 
tributaries to the basi-vertebral system of veins (Crock et al, 
1973; Crock, 1983) (Fig. 1). 

The end plate venous plexus may be important in the 
pathogenesis of symptoms in the syndrome of internal disc 
disruption, in which catabolites and disc proteins leak out of the 
disc into the systemic circulation via the end plate veins, 
producing local and systemic features of hypersensitivity 
reactions (Gurdjian et al, 1961; Nachemson, 1969; Crock. 1970). 
The plexus is also important in maintaining the integrity of the 
normal intervertebral disc, as diffusion of nutrients takes place 
across the end plates (Urban et al, 1976: Bernick & Caillet, 
LOR). 

Although demonstrated in dogs and post-mortem specimens, 
the end plate veins have not previously been demonstrated by i 
vivo ImMAgIng. 


Methods 

Patients with suspected internal disc disruption or isolated 
disc resorption (Crock, 1976) were referred by orthopaedic 
surgeons. Magnetic resonance imaging of the whole lumbar 
spine was performed on a Picker prototype cryogenic system 
operating at 0.15 T, as described in detail elsewhere (Young et 
al, 1982). All patients were examined with a planar surface coil, 
using five different pulse sequences (SEsuas SEaren PResoosooaes 
PS, and PS...) and some were given intravenous 
paramagnetic contrast enhancement with gadolintum-DTPA as 
part of another study. The relevant sequence for the 
demonstration of the end plate venous system is the partial 
saturation sequence with a repetition time (TR) of 500 ms and 
echo time (TE) of 22 ms. This value of TE was chosen to cause 
chemical shift phase cancellation of signal from the red marrow 
(which contains approximately equal proportions of its protons 
in fat and water), by collecting the signals from protons in water 
and protons in lipid when they are out of phase by 180° (Bydder 
& Young, 1985: Wiener et al, 1985; Bydder, 1988). 

A further study was made on three patients and one 
volunteer, using the PS.o.. sequence with the phase encoding 
gradient reversed. This enables differentiation between chemical 
shift artefacts and true structures as the cause of lines parallel to 
the end plates. 


Results 
The PS.,,.. sequence demonstrates the slow-flowing venous 


blood in the end plate venous plexus as a line of high signal 
against the low signal of red marrow (Fig. 2). 


tAuthor for correspondence. 
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Figure 1. The veins of a typical vertebral body in sagittal section. 
(1) Intervertebral disc. (2) End plate capillary bed. (3) Sub- 
chondral venule, (4 & 5) Short vertical venous tributary. (6) End 
plate vein running horizontally in subarticular location. (7) End 
plate vein joining anterior internal vertebral plexus. (8) Basi- 
vertebral vein joining anterior internal vertebral plexus. (First 
published in the Journal of Bone and Joint Surgery, 1973 and 
reproduced by kind permission of the Editors.) 





Figure 2. Horizontal subarticular end plate veins (arrows). The 
basi-vertebral veins may also be seen (arrowheads). 
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(a) 





(b) 


Figure 3. (a) Unenhanced scan. The end plate veins are barely visible. (b) With gadolintum-DTPA enhancement the end plate veins 


are more clearly seen at all levels, 


In 44 patients (mean age 38 years) examined without contrast 
enhancement, the end plate venous system is demonstrated in 31 
cases (70%), though not necessarily at all levels (mean number 
of lumbar levels 2.6). In the six patients given gadolinium- 
DTPA enhancement, the end plate veins were seen in four 





(a) 


before and five after contrast medium. In four patients the veins 
were seen better after enhancement than before (Fig. 3) 
Reversal of the gradients in the PS,,, .. sequence caused no 
change in the appearances of the lines representing the end plate 
venous plexuses (Fig.4), Other veins demonstrated are the 





(b) 


Figure 4. End plate veins are shown with the phase encoding gradient in (a) normal and (b) reversed orientation. No change in 


appearance or position of the end plate veins is seen. 
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Figure 5. Typical chemical shift artefact (arrows). Note the 
high-signal line with low-signal “void” above 


anterior interna! veins of the spinal canal, and the central vein of 


the vertebral body 


Discussion 

Lines parallel to the end plates may be caused by chemical 
shift artefacts (Peck & Haughton, 1985) and it is important to 
differentiate these from the end plate veins. Chemical shift 


artefacts are due to the slightly different resonant frequencies of 


protons in fat and protons in water. This results in the signal 
from fat, which has a lower frequency, being spatially encoded 
by the Fourier transformation to a position apparently further 
down the magnetic gradient, leaving behind a “void” or black 
line bereft of signal (Fig. 5). These artefacts thus occur in one 
direction only, and hence are not seen on both sides of the disc 
(as the veins are). Furthermore, the chemical shift artefact 
would not be made more apparent by gadolinium enhancement. 
The constant appearance of the end plate veins despite reversal 
of the phase encoding gradients (Fig. 4) excludes the possibility 
of their being due to the chemical shift artefact. 

it is thus concluded that the venous plexus draining the 
human vertebral body end plate is demonstrable by magnetic 
resonance imaging in vivo. Although all the patients in this series 
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were referred with back pain, the plexus is visible in many 
patients at levels remote from the site of disc pathology. The 
clinical significance of showing or not showing the plexus at any 
particular level is as yet uncertain, and further work is in 
progress to correlate the appearances on magnetic resonance 
imaging with the clinical and operative findings. 
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An analysis of referrals for primary diagnostic 
abdominal ultrasound to a general X-ray department 


THE Epiror—Sir, 
We note with interest the findings of Drs Colquhoun, Saywell 
and Dewbury (1988). 

It is our practice to promote ultrasound as the first-line 
investigation of abdominal symptoms, both for hospital and 
GP referrals. We are, however, concerned at their advice to 
perform partial examination. Little time will be saved and 
much may be missed. 

Pelvic ultrasound, which omits a survey of the kidneys and 
abdomen, may be comparable to a clinical examination of the 
abdomen that omits the rectum. 

Yours, etc., 
R. FITZGERALD 
G. MACKIE 
R. MANNS 
Department of Radiology, 
New Cross Hospital, 
Wolverhampton WV10 0QP 
(Received June 1988) 
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(Author's reply) 


THE Epitor-—Sir, 

Drs Fitzgerald, Mackie and Manns are clearly as enthusiastic 
users of ultrasound as am l. It is the great success of 
ultrasound that has led to ever increasing workloads. This 
prompted our detailed retrospective analysis of 1861 patients, 
which forms only a small proportion of the 23000 diagnostic 
ultrasound scans carried out in the department per year. 

They make the statement that little time will be saved and 
much may be missed if the whole abdomen and pelvis are not 
examined in each patient. This is an unsubstantiated opinion 
not borne out in our series, which is the largest published to 
date. The thrust of modern radiology is in its selective and 
effective use. Surely, it is better to spend more time on 
important areas than disperse the effort in unproductive ones. 
Ultrasound is an interactive examination and it is normal and 
sensible practice to extend the examination according to one’s 
findings. I would agree that on finding a pelvic mass the liver 
should be checked for metastases and the kidneys for 
obstruction. 

I was surprised to see Dr Fitzgerald et al state their policy of 
offering ultrasound as the first line of investigation for 
abdominal symptoms. Barium studies or endoscopy are surely 
more appropriate for gastrointestinal symptoms and an 
intravenous urogram for suspected renal colic. 

Critical use of our diagnostic resources is essential for the 
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future. Larger, preferably prospective, studies will be necessary 
to help us make sensible decisions. 
Yours, etc., 

K. C. Dewsury 
X-Ray Department (Ultrasound), 
Southampton General Hospital, 
Tremona Road, 
Southampton 
(Received September 1988) 


Sarcoidosis mimicking metastatic testicular tumour 


THE Epitor-—Sir, 

Drs Parr and Williams (1988) have omitted to mention in their 
paper the interesting possibility that the intrathoracic 
sarcoidosis of their two cases could represent a sarcoid-like 
granulomatous reaction to the testicular tumour. This response 
is well recognized with malignant lymphomas (Brincker, 1972: 
Kadin et al, 1980). A recent report in Thorax described a case 
with a prominent  sarcoid-like pulmonary granulomatous 
reaction to Hodgkin's disease, diagnosed 6 months before the 
development of the extrathoracic lymphoma, and which 
recurred with the exacerbations of the lymphoma (Daly et al, 
1988). 

I am not aware whether such granulomatous reaction is 
exclusive to lymphomas or if it can occur with other malignant 
tumours such as testicular teratoma and seminoma. It is 
suggested by Daly et al (1988) that a low serum angiotensin- 
converting enzyme activity and negative Kveim-Siltzbach test 
may help in distinguishing pulmonary granulomatous reaction 
related to Hodgkin's disease from active sarcoidosis. The two 
cases reported by Parr and Williams (1988) could well 
represent a coincidental pulmonary sarcoidosis, which caused 
difficulty in assessing the intrathoracic spread of a malignant 
testicular tumour. Nevertheless. the possibility of a 
granulomatous reaction justifies consideration. 

Yours, etc., 
S. K. MORCOS 
Department of Radiology, 
Lodge Moor Hospital, 
Sheffield S10 4LH 
(Received August 1988) 
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New developments in the field of acute myocardial 
infarction imaging 


THE Eprror-~Sir, 

We read with interest the article by Bell et al (1988) regarding 
the development of newer and more effective myocardial 
infarction imaging agents. ° Te” pyrophosphate and its 
analogues have severe limitations for the imaging of acute 
myocardial infarction (Turi et al, 1985) because of low 
specificity, dependence on blood flow for its uptake by necrotic 
myocardium and poor image quality. We wish to draw your 
attention to the development of a promising new agent for the 
imaging of acute myocardial infarction: radiolabelled mono- 
clonal anfimyosin antibodies, 

Fapermmental work (Khaw et al, 1982) has shown that 
antumyosin antibodies bind specifically to myocardial cells with 
acute irreversible damage to the cell membrane. Inrtial studies 
using the experimental animal model of acute myocardial 
infarction (Khaw et al, 1979) have shown that '**I-labelled 
antimyesin antibodies localize specifically at the site of 
myocardial infarction in high concentrations and there is a 
close correlation between the site of radiotracer uptake and 
histological myocardial necrosis. Because of unsuitable 
physical characteristics, 175I was not used for human studies. 
These were carried out using ?°Tc™- (Khaw et al, 1986) or 
‘ln labelled (Khaw et al, 1987a) Fab fraction of antimyosin 
antibodies. The use of Fab fraction instead of the intact 
molecule reduces the immunogenicity, enhances renal clear- 
ance of the unbound antibodies and gives a greater target to 
background ratio. 

In a direct comparison of |''In-labelled antimyosin 
antibodies with °°Tc™ pyrophosphate in the canine model of 
experimental myocardial infarction (Khaw et al, 1987b), a 
good correlation was obtained between the area of infarction 
detected by the two agents. However, “°Tc™ pyrophosphate 
consistently overestimated the infarct size. '''In-antimyosin 
uptake correlated more closely with the histochemically 
outlined area of myocardial necrosis and was found to bind 
specifically to the necrotic myocardium, whereas °’Tc™ 
pyrophosphate was taken up not only by the necrotic tissue 
but also by the ischaemic but non-necrotic myocardium. 

We have recently participated in a multicentre Phase Il 
study to evaluate the clinical usefulness and safety of '''In- 
labeled monoclonal murine antimyosin antibodies in the 
detechon and localization of myocardial necrosis in patients 
admitted with suspected acute myocardial infarction or 
unstable angina. The results of our first 103 patients (Jain et al, 
1988a) showed a 98% sensitivity and 91% specificity for this 
agent in the diagnosis of acute myocardial infarction. Even 
small myocardial infarctions were diagnosed accurately. The 
preliminary results of the multicentre study support our 
interim analysis and a high sensitivity and specificity of the 
technique in detecting acute myocardial infarction (Berger et 
al, 1988) has been confirmed. The uptake by the ribs and 
sternum is negligible and the images are therefore much clearer 
and easier to interpret than pyrophosphate images. Figure | 
shows '?'in-antimyosin images in the anterior and 45° left 
anterior oblique views of a patient with acute inferolateral 
myocardial infarction, obtained 48 h after the injection of the 
radiotracer. There is a clear delineation of the radiotracer in 
the inferior and posterolateral walls. The liver is visualized but 
does not interfere with image interpretation and there 1s little 
uptake elsewhere. The only drawback of the technique is that 
we have to wait for at least 18-24 h after the injection for the 
unbound tracer to clear from the blood pool. The persistence 
of blood pool activity may interfere with early image 
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Figure 1, ''' In-antimyosin images in anterior (left) and 45° left 
anterior oblique (right) views of a patient with acute 
inferolateral myocardial infarction. There is intense tracer 
uptake in the inferior, posterolateral walls and the apex. Liver 
is visualized but does not interfere with image interpretation. 
Note the absence of uptake by ribs though there is minimal 
uptake by the sternum. 


interpretation in about 20% of cases, but this problem is not 
present at 48 h. 

We have also observed different patterns of ‘''In- 
antimyosin uptake in acute myocardial! infarction which gave 
important prognostic information in these patients (Jain et al, 
1988b} In a post-mortem study, we have observed a close 
correlation between the uptake of '''In-antimyosin detected 
by autoradiography and the myocardial necrosis detected by 
histology (Jain et al, 1988c). Interestingly, we have noted an 
additional region of focal myocardial necrosis in a remote 
myocardial segment perfused by an unobstructed coronary 
artery; this region was correctly identified by '?'In-antimyosin 
imaging. Such a finding may give a new insight into the 
pathogenesis of acute myocardial infarction. 

Currently, research is under way to replace '?'In with Ter 
as the radiolabel for antimyosin, since °°Tc™ is less expensive, 
has favourable physical characteristics and is more readily 
available. Further refinements in the technique which would 
result in early clearance from the blood pool will reduce the 
time to imaging. Af present, antimyosin antibody imaging 
appears to be superior to pyrophosphate imaging for the 
detection and localization of acute myocardial necrosis. Other 
applications of this technique are also of interest, namely, 
detection of myocarditis and cardiac transplant rejection. 

Yours, etc., 
DIWAKAR JAIN 
AVIJIT LAHIRI 
JOHN C. CRAWLEY 
EDWARD B. RAFTERY 
Depariment of Cardiology 
and Divisions of Clinical Sciences 
and Radioisotopes, Northwick Park Hospital 
and Clinical Research Centre, 
Harrow HAI 3UJ 
(Received August 1988 and in revised form October 1988) 


(Authors’ reply) 


THE Epiror---Sir, 

We note the reference to our paper (Bell et al, 1988) m the 
letter by Jain et al (above) and the ensuing discussion of their 
work with '''In-antimyosin antibodies. We would point out 
that the aim of our study was to compare °°Tc™-DMAD with 
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°°Tce™-PYP in myocardial infarction in the hope that the 
affinity for °°Tc"-DMAD for damaged myocardium compared 
with normal bone would facilitate better planar imaging. This 
was not the case and °°Tc™-PYP remains the standard imaging 
agent. We would agree that ?°Tc™-PYP has limitations for the 
imaging of acute myocardial infarction, but it is cheap and 
readily available, and has the additional advantage that 
imaging is performed 2h after administration. The sensitivity 
of °°Tc™-PYP imaging may well be improved through the use 
of single photon emission computed tomography. 

The use of '''In-labelled antimyosin antibody should 
improve the quality of image, owing to the absence of skeletal 
uptake, but has a number of disadvantages. It is expensive and 
not readily available making it less than ideal for the routine 
management of patients with acute myocardial infarction. A 
*°Tc™ label should overcome the availability problem. A 
further delay is introduced by the fact that imaging cannot be 
performed until the day after injection because of circulating 
unbound tracer in the blood pool. The figures quoted by Jain 
et al shows a 98% sensitivity and 91% specificity for acute 
myocardial damage. This is an improved sensitivity compared 
with PYP (88%) but the same specificity (91%) as quoted in a 
large series (Turi, 1985). To state categorically that antimyosin 
antibody imaging is better than traditional PYP imaging in 
infarction requires a trial to compare both techniques in man. 
Khaw et al (1987) have published a comparative study in dogs 
showing a very good correlation between the two methods, 
though infarct size was overestimated by PYP. We have also 
used '!"In for myocardial imaging (Bell et al, 1987) and of 
course agree that °°Tc™ labelling is desirable in view of its 
more favourable physical characteristics for gamma camera 
imaging, but would also suggest that single photon emission 
computed tomography is an important advance with regard to 
improved quality plus quantification of myocardial imaging 
(Jansen, 1985). 

Yours, etc., 
D. BELL 
A. M. MILLAR 
R. GRAYSHAN 
A. L. Muir 
Departments of Medicine and Radiopharmacy, 
Edinburgh Royal Infirmary and Department of Pharmacy, 
Heriot Watt University, Edinburgh 
(Received August 1988) 
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The unseen radiation hazards of ultrasound 


THE Epitor-—Sir, 

The 1985 Jonizing Radiations Regulations (Health & Safety 
Commission, 1985) state that the dose limit for the abdomen 
of a pregnant woman shall be 10 mSv (1.0 rem) during the 
declared term of the pregnancy. If the declared term of the 
pregnancy is taken as 40 weeks and the women works a 40-h 
week, this figure works out to a dose limit of 50 uSV(5.0 mrem) 
per working day. Assuming a 36-week or 30-week declared 
term the dose limits would be 55.6 uSv (5.56 mrem) and 
66.7 Sv (6.67 mrem), respectively, per working day. The 
National Radiological Protection Board (NRPB) in their 
recent publication Interim Guidance on the Implications of 
Recent Revisions of Risk Estimates and the IRCP 1987 Come 
Statement (NRPB. 1987), have made recommendations that all 
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radiation workers keep within an average of 15 mSv (1.5 rem) 
effective dose-equivalent per year. This brings all workers 
down to the current legal maximum dose-rate during 
pregnancy. 

In many hospitals it is common practice to book a patient in 
for more than one investigation in a day, saving the patient 
time and inconvenience. Where the investigations are for 
carcinoma of the breast or bronchus, the patient often visits 
the radioisotope department for a bone scan injection and 
immediately goes to the ultrasound department for a liver 
scan. This usefully fills in the time before bone imaging. Where 
such booking procedures are routine it is possible to find 
oneself scanning two or more radioactive patients in one day. 
Such an exposure may come close to the maximum permitted 
dose-rate to the abdomen if the ultrasound operator 1s 
pregnant, and close to the new NRPB recommended dose-rate 
if the exposure occurs on a regular basis. 

Harding et al (1985) have estimated the dose-rates to nurses 
at 1Gem from a patient leaving the department after a bone 
sean to be at a maximum of 96 uSv (9.6 mrem) per hour. 
These rates were calculated from readings collected perpendi- 
cular to the mid-trunk of the patient within 10min of 
injection. Using this data, assuming that a liver scan may take 
up tọ 15min to perform and that the scan is performed 
promptly after the injection, the dose to any part of the 
operator within 10 cm of the patient will be 24 pSv (2.4 mrem) 
per patient. Thus scanning two such patients in a day will 
bring the pregnant operator close to or above the maximum 
permitted dose-rate. 

In the light of the recent NRPB recommendations, the 
possibility of receiving significant amounts of ionizing 
radiation from radioactive patients assumes importance not 
only for pregnant radiologists and ultrasonographers but for 
all radiation workers. The Board emphasizes that as long as 
the legal dose limits remain at their present levels, it is 
important to “keep exposures as low as reasonably achievable, 
since continued exposure near to the dose limit represents a 
ievel of risk which verges on the unacceptable”. It goes on to 
recommend that the dose to individual workers should be 
controlled so as not to exceed an average of 1S mSV (1.5 rem) 
effective dose-equivalent per year. This works out as 57 usv 
(5.7 mrem) per working day, a level which may be achieved by 
any ultrasound operator routinely scanning two or more 
radioactive patients per day. 

These are simple extrapolations but it may be that dose-rates 
are even higher. Harding took his data above the abdomen of 
his patients at 10 min after injection and not above the ribs 
where the radiopharmaceutical is concentrating and where the 
ultrasonographer is in closest contact during a liver scan. In 
cases where there are rib metastases the doses could be even 
higher. The pregnant abdomen may easily be within 10cm of 
the ribs, especially when reaching around the patient to 
examine the spleen and left kidney. 

Perhaps it is time to review the practice of booking 
radioactive patients for ultrasound. The problem ts not limited 
to bone scanning. Patients do occasionally leave the isotope 
department with a full bladder (probably containing 50% of 
the dose) after a DTPA study in order to have kidneys and 
pre- and post-micturition bladder volumes assessed by 
ultrasound, The hazard is an unseen one as most patients do 
not volunteer the information that they are radioactive. 
Therefore the pregnant ultrasonographer is unaware that she ts 
in close proximity to a source of ionizing radiation. This is 
doubly important as many radiologists and radiographers 
consider the ultrasound department as a safe haven and elect 
to do more sessions in ultrasound during pregnancy in order to 
avoid the risks of exposure from other radiological procedures. 
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Obviously there is scope for collecting accurate data on this 
subject but until such information is available, pregnant 
radiologists or radiographers or indeed anyone wishing to 
remain within the newly advised 15 mSV (1.5 rem) effective 
dose-equivalent per year should be advised to ask patients 
about prior radionuclide administration before scanning them, 
Alternatively, perhaps the practice of double booking any 
radioactive patient should simply be abandoned. 

Yours, etc., 
A. C. HAVARD 
Department of Radiology, 
Charing Cross Hospital, 
London W6 8RF 
(Received August 1988) 
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Incorporating the time factor into the linear- 
quadratic model 


THE EDITOR-—SIR, 

In recent years the linear-quadratic (LQ) model (Kellerer et al, 
1971: Chadwick & Leenhouts, 1973) has become the model of 
choice for the description of single-dose radiation damage in 
in vitro as well as in vivo biological systems. This model has 
been used to describe both tumour and normal-tissue 
responses to fractionated radiotherapy and continuous low- 
dose-rate irradiation. A useful overview can be found for 
instance in Thames and Hendry (1987), which also contains 
further references. In particular, work by Douglas and Fowler 
(1976), Thames et al (1982) and Barendsen (1982), and more 
recently by Dale (1986a, b; Dale et al, 1988) has been of great 
influence. 

A potential shortcoming of the LQ model as it is presently 
used is the inability to address the issue of proliferation during 
treatment of both tumour cells and early reacting normal 
tissues. In a recent paper (van de Geijn, 1988), a new model 
was introduced that also describes damage to both tumours 
and early reacting (ER) normal tissues to fractionated 
radiotherapy, in terms of either the two-component or the 
linear-quadratic model, but with the added advantage of 
incorporating the effects of proliferation and time. In the 
course of further developing this model it was realized, 
however, that the simple exponential form of the LQ model 
would allow for an elegant and powerful incorporation of the 
time parameter for both tumour and normal-tissue reactions. 
As is shown below, under certain conditions the extended LQ 
model for survivals from agimen of n equal fractions of dose d 
over a total time t, takes the simple form 


S,(d, t,) = exp (—nad — nfd? + At,) 


for tumour as well as for normal tissues. 
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Tumour response 
Single-dose survival of clonogenic (C) cells from a dose d is, 
in the LQ model, given by 
S,(d) = exp ( ~ acd — fed?) (1) 


Let fractionated treatment start at t = 0, and equal fractions be 
delivered at times ¢,, at intervals At, large enough so that repair 
of sublethal damage can be considered substantially completed. 
Let Tuc be the characteristic doubling time so that the growth 
rate is given by 

he — 0.693/Thicy 
Incorporating the exponential growth over the time interval 


At, after the first fraction, delivered at t, =0 
S,(d,t,+At,) = exp(—acd~ fed?) exp (ic Aty) 
r ; : À 
: S (d, t, +At,) = exp (~ad ~ fd? + à At,) (2) 


After the second dose, delivered at after 


completion of the sublethal damage repair 
S2(d, t3) = exp (—2acd — 2fed exp (Ac At) 
At At, later, that is, at ¢,+Ar, 
So(d, t,+At,) = exp[ —2ad—2fd? + 4-(At,+At,)] 3) 


fy =f, +Å, 


Similarly, after n doses, over a total time t= EMI Ae, 
Sd, t,) = exp(—nacd —nfied? + icty) (4) 


If there is a delay time Deny; in the onset of the “acute” C-cell 
proliferation, Equation 4 becomes 


S,,(d,t,,) a expf a nied eee np? + A(t, ca Tenya] (5) 


So far, both the acute doubling rate and the fraction dose 
are assumed to be constant. It is clear that in that case. 
Equations 4 and 5 can easily be used to investigate, for any 
given regimen, the influence of C-cell doubling time and the 
delayed onset of characteristic proliferation on the C-cell 
survival at the end of the treatment. 

In a more general case the dose per fraction may vary over 
time. This is easily represented by replacing, in Equations 4 
and 5, nd and nd? by El. d; and E7. , d?, respectively. In case 
the C-cell doubling rate changes over time, Ac becomes a 
function of time and Act, has to be replaced by E"2} A(t, At; 
In the case of a delayed onset of C-cell proliferation, an initial 
set of the clt) is equal to zero. 


Normal-tissue reactions 

From the start of treatment. dividing stem (S) cells and 
transitional cells are subject to radiation damage. Until the 
acute proliferation of the S cells is triggered at some time 
Tgctaycs) after the start of treatment, the survival of these cells is 
governed by the basic LQ equation (Barendsen, 1982), with 
their own characteristic a, and fs. Let k fractions have been 
delivered at the time easy the onset of acute S-cell 
proliferation. At that time the survival of the S-cell/transitional 
cell system will then be given by the conventional LQ 
expression 


S,(d, Tyeraysy) = exp ( m kagd ii ksd?) (6) 


It may be, as is assumed to be the case for late reacting (LR) 
tissues, that Deny is longer than the duration of the treatment: 
alternatively, treatment may be delivered in such a short 
overall time that even for ER tissue the onset of acute 
proliferation occurs only after the completion of treatment. In 
those cases, the conventional LQ model applies during the 
whole treatment, and for some time after. An excellent 
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overview of ranges of doubling times and delay times for 
several normal tissues can be found in Thames and Hendry 
(1987), Chapter 4. which also refers to pertinent original 
investigations. Usually, for ER tissue Tieiays 18 Shorter than the 
overall duration of the treatment. Then. according to the 
scenario presented in van de Geijn (1988), the surviving 
fraction after each subsequent fraction grows over the 
interfraction interval At; according to 


A ee an een ee S E AEEA i, AT 
S(d, t) +(1— Sd, 1,)) exp (— Ag At, 
with As = 0.693/T,.5,, Ths, being the acute S-cell doubling time. 
This expression describes the homeostatic control governing 
repopulation. It was first introduced by Cohen and Scott 
(1968). After the next fraction 


S; + 1 (d, lie eS ae Sd, (,+Al,exp(—agd — Bad) (8) 


and Equation 7 applies again over the next interval. For oral 
mucosa and for skin, Ts, is of the order of 1 day, and 
interfraction times are of the same order. Then, for At = | day, 
exp(—4sAt)~ 0.5 and cannot be simplified. However, at time 
Tyesays) the surviving fraction S, (d, Teys) is usually already 
very smal] (van de Geijn, 1988), that is, much smaller than 0.5. 
As long as that is the case, Equation 7 may be approximated 
by 


Sd, t; + At) = $,(d, tj exp (AgAt) (9) 
Thus, after n fractions over a total time t, 


S,(d.t,) = exp [ — nasd —nBgd? + Ag(t, = Teava) (0) 
which is entirely similar to Equation 5 for the tumour, 

It should be realized, however, that for early reacting normal 
tissues this approximation holds only as long as the surviving 
fraction S;(d, t) remains really small, as indicated above. In 
reality, depending on the as, fy. the fraction size and the 
interfraction intervals At,, the effective repopulation rate may 
decrease during the course of the treatment, as was 
demonstrated by van de Geijn (1988). 

In conclusion, Equation 5 and its equivalent Equation 10 
would seem to be useful extensions of the basic LO model. The 
time parameter becomes non-zero for the tumour once the 
characteristic C-cell proliferation has been triggered. For 
normal tissues the same applies, within certain constraints, 
after the triggering of the acute stem cell proliferation. It is 
difficult to determine characteristic S-cell and C-cell doubling 
limes in practice, and it may be impossible to determine 
variations over time, if any, but calculations on the basis of 
Equations 5 and 10 allow at least for “bracketing” the 
magnitudes of their effects, that is, making useful estimates of 
the influence of doubling times within reasonable limits, in any 
given or proposed treatment regimen. 

Yours, ete., 

J. VAN DE GEUN 

Radiation Oncology Branch, 
Division of Cancer Treatment, 
National Cancer Institute, 
Bethesda MD 20892, 
USA 
(Received August 1988 and in revised form October 1988) 
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Post-operative neutron irradiation 


THe EINTOR-— SIR, 

Glahoim and Harmer (1988) reported a prospective study of 
post-operative irradiation with neutrons {five patients) or 
photons (nine patients) in patients with soft-tissue sarcomas. 
The unacceptable late tissue damage in the neutron group led 
to the termination of the trial, 

These results, although based on a small number of patients, 
support the radiobiological data. Absence of a gross tumour 
may not be a proper indication of neutron therapy, since if 
deprives the radiotherapist of both the hypoxic and kinetic 
gain factors, When a bulky tumour is ptesent, as in definitive 
or pre-operative irradiation, the following conditions are 
fulfilled, at least theoretically: (i) the amount of hypoxic cells is 
greatest, an optimum situation for high linear energy transfer 
radiation, (ii) a bulky tumour is supposed to repair photon- 
induced potentially lethal damage efficiently (Little et al, 1973; 
Guichard et al, 1984) and less repair is observed after neutron 
irradiation (Rasey & Nelson, 1981): (iti) sarcomas are likely to 
contain a large number of non-cycling cells (Malaise et al, 
1973), which do not redistribute efficiently between fractions, 
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and therefore would exhibit less resistance to fractionated 
neutron therapy as compared with photon treatment (Withers 
& Peters, 1979); and (iv) the a/B ratio for dose effect is 
generally higher for tumours than for late-responding tissues 
(Fowler, 1984). The relative biological effectiveness (RBE) ts 
expected to be higher in tissues with a low a/f ratio as 
compared with populations with a high ai ratio (Withers 
et al, 1982). 

For all these reasons, a therapeutic gain would be achieved 
if the ratio of the amount of tumour to the amount of late- 
responding tissue is highest in the irradiated volume, such as in 
pre-operative or definitive irradiation of bulky tumours. These 
conditions are not fulfilled in post-operative irradiation, where 
the few remaining clusters of cells (if any) are expected to be 
well oxygenated, to have a short doubling time and to 
redistribute between fractions. These factors contribute to a 
low neutron RBE for the tumour population, and therefore a 
therapeutic loss. 

The authors’ conclusion that there is no biological 
advantage in the use of fast neutrons for the treatment of soft- 
tissue sarcoma is not substantiated in their report. It should be 
recalled that good results have been observed by others in 
these particular tumours (Cohen et al, 1985; Schmitt et al, 
1986: Pickering et al, 1987). 

Yours, etc., 
A. CourRD! 
Centre A. Lacassagne, 
36 Voie Romaine, 
06054 Nice Cedex, 
France 
(Received October 1988) 
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{Authors reply) 


THE EDITOR—SIR 

The theoretical advantages for the use of external-beam fast 
neutron therapy in the treatment of soft-tissue sarcoma are not 
in dispute, indeed these were the rationale for conducting the 
reported randomized study of neutrons versus photons. 

As we discussed in our paper, a number of centres have 
reported improved local control with neutron irradiation 
(Franke, 1979; Salinas et al, 1980; Cohen et al, 1984: Pickering 
et al, 1987). However, other attempts using neutrons have been 
less encouraging (Batterman & Breuer, 1981: Duncan et al, 
1982, 1986). The incidence of serious late tissue damage 
following irradiation with pure neutron beams has been 
reported to be as high as 28.6% (Schmitt et al, 1983, 1984; 
Richard et al, 1985; Pickering et al, 1987). 

It is conceivable that a greater therapeutic gain may be 
achieved if the ratio of tumour to normal tissue was large, as in 
the case of pre-operative irradiation or in the treatment of 
inoperable disease. However, wide tumour excision and in 
particular compartmental resection followed by high-dose 
external-beam irradiation is the treatment policy of the Royal 
Marsden Hospital Sarcoma Unit for operable soft-tissue 
sarcoma. We remain unconvinced of any advantage resulting 
from the use of external-beam fast neutron irradation in this 
circumstance. 

Yours, etc., 
J. GLAHOLM 


Sarcoma Unit, 

The Royal Marsden Hospital. 
Fulham Road, 

London SW3 6JJ 

(Received November 1988) 
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Doppler Echocardiography. The Quantitative Approach, 2nd edn. 
By Arthur J. Labovitz and George A. Willams, pp. x + [21, 
1988 (Lea & Febiger, Philadelphia), $22.95. 

ISBN 6-8121-1105~2 

This book aims to provide a basic primer in the clinical 
applications of Doppler ultrasound in cardiology. To 
understand how Doppler ultrasound is used to measure blood 
velocity and, in particular, to appreciate its limitations, requires 
some appreciation of the physical principles of the method. 
Thus, many clinicians find the opening chapters of texts on 
Doppler rather daunting. To try to overcome this difficulty, the 
authors have compressed the discussion of blood flow and the 
theory of continuous-wave and pulsed Doppler into a total of 
eight pages. The problem is that this leaves several aspects 
unmentioned and what is provided contains half-truths and 
even fallacies. 

The normal examination is described with the aid of 
recordings keyed to clear diagrams. It is, however, unclear why 
examples of pathological valve regurgitation are given in this 
chapter when there is no mention of the “physiological” 
tricuspid and pulmonary valve regurgitation reported to be 
present in the majority of normal subjects. 

The chapters on aortic and mitral valve lesions and prosthetic 
valve applications cover the basic needs and include a number of 
“case studies”, with spaces for the reader to fill in answers 
obtained from inspection of the accompanying tlustration. The 
chapter on left ventricular function describes methods of 
measurement of cardiac output but also includes a number of 
other Doppler derived parameters which will not be of great 
interest to the newcomer. There is a brief treatment of 
congenital heart disease in the adult. References are appended 
to each chapter but, since they are not cited im the text, their 
relevance is frequently obscure. 

This book is clearly written and the illustrations are mainly of 
good quality, but not very well positioned in relation to the 
accompanying text. A slim paperback, aimed at broad 
readership, it offers a superficial treatment of a complex subject 
which may appeal to small-town US cardiologists but is unlikely 
to satisfy a serious student, who would be better advised to 
consult one of the more detailed and authoritative texts already 
available. 

GRAHAM J. LEECH 


Ultrasonography of the Neck. By J-N. Bruneton, pp. xiv + 118, 
1987 (Springer-Verlag, Berlin), DMIIS. 
ISBN 3--540-17039-1 (Berlin) 
0-387-17039-1 (New York) 

This short book covers virtually all aspects of neck ultrasound, 
with the notable exception of assessment of the carotid arteries 
and the use of Doppler. It is made up of seven chapters, the first 
of which describes the anatomy of the neck and examination 
techniques. There are then chapters on the thyroid, 
parathyroids and salivary glands, discussing the clinical 
features, pathology and, to some extent, the management of 
conditions likely to be encountered. There ts also some 
discussian of the role of other imaging techniques although, 
surprisingly, a relatively small amount of space is allocated to 
describing the ultrasound appearances, there are, however, 
numerous illustrations. The remaining chapters cover 
miscellaneous conditions, including the assessment of oral 
tumours, lymph nodes and paediatric problems. 

This is a multi-author book, although Dr Bruneton is the 
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principal author of most chapters. Despite this, there is an 
unnecessary degree of repetition in the text. The illustrations, 
although numerous, have not always reproduced well and in 
some chapters, too many similar examples are shown. 

The author has considerable personal experience in the field 
of tumour assessment and this aspect is stressed throughout the 
book. Those involved in the staging of ENT tumours by 
ultrasound should therefore find it useful. For beginners in the 
field of neck ultrasound, the clinical material could provide 
useful background reading but overall, as this is such a slim 
volume, I do not feel that it is particularly good value for 
money. 

F. E. WHITE 


The Use of Transrectal Ultrasound in the Diagnosis and 
Management of Prostate Cancer. Ed. by Fred Lee and Richard 
D. McLeary, pp. xii + 228, 1987 (Alan R. Liss, New York), 
£23.00. 

ISBN 0-8451-5087-1 

In considering the choice of new textbooks for the departmental 
library the average United Kingdom radiologist, working with 
diminishing budget and increasing prices, may be forgiven for 
quickly dismissing a 228-page textbook concerned solely with 
transrectal ultrasound of the prostate. Thirty per cent of males 
over the age of 50 will, however, show latent carcinoma of the 
prostate and perhaps radiologists should be taking both this 
disease and its method of imaging more seriously. 

The book represents the proceedings of a symposium held in 
Detroit in late 1986 and the format of the text is variable, being 
made up of facsimiles of the author’s own submissions. Great 
care has, however, been taken by the publishers to ensure that 
both the text and, more particularly, the illustrations are clearly 
and faithfully reproduced. 

The collected reports are not solely concerned with clinical 
aspects of transrectal ultrasound examination and the first two 
chapters are a historical review of the technique and a 
description of the pathological processes that occur within the 
prostate. Subsequent contributions discuss the pertinent physics 
of an optimal examination and its performance, before the 
discussion focuses on diagnostic considerations in transrectal 
ultrasound imaging of the prostate and the use of this technique 
in screening for carcinoma. There are short contributions 
describing needle biopsy techniques for both cytological and 
histological material, but the concluding third of the book is 
devoted to four chapters describing the experience of differing 
clinical groups within the United States, the United Kingdom, 
Japan and Germany. In all, there are 18 chapters covering this 
interesting and somewhat controversial subject. 

Of necessity, publication of symposium proceedings results in 
variable literary style as well as degree of overlap of the content. 
In this case this is by no means to the detriment of the book, as tt 
is only by considering the varying and sometimes opposing 
views of different contributors that a reader, inexperienced in 
prostatic ultrasound, can form a balanced view as to its 
relevance. 

Whilst the book might not be everyone's choice of bedtime 
reading, nor is its inclusion in every departmental library to be 
advised, nevertheless, if this imaging service is contemplated 
then the radiologist might be wise to examine this textbook 
before he commences. 

D. M. KinG 
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Cerebral Angio-CT. By Kazuhiko Sadamoto and Keiji Fukui, 
pp. x + 102, 1988 (Raven Press, New York), $61.50. 

ISBN 0-88 167-4036 

“Cerebral angio-CT” is the name given by the authors to the 
technique of rapid sequential scanning through a region of 
interest in a variety of planes following an intravenous infusion 
of contrast medium. Infusion rates, scan planes and scanning 
intervals are given in quite exhaustive detail although these 
relate only to the General Electric 9800 and 9000-2 CT scanners. 
The protocols will need to be adapted for other scanners. 

The volume is profusely illustrated with high-quality scans 
and clear expositions of intracranial vascular anatomy. 
Conversely, the text falls far short of what might be reasonably 
expected from an American publisher. The standard of the 
translation from the Japanese is poor, resulting in many very 
clumsy and sometimes barely comprehensible statements. 
Spelling errors are frequent. 

After the “basics”, the authors go on to relate their experience 
with angio-CT in screening mainly for aneurysms and in the 
demonstration of a variety of conditions following initial 
diagnosis. The final sections are devoted to illustrative case 
histories and pitfalls for the unwary. Throughout the text, one is 
aware of some repetition and “padding”. 

Quite where angio-CT might find a place in British practice is 
problematic. Suffice to say the reviewer does not share the 
authors’ missionary zeal. Its adoption as a screening method 
will undoubtedly overburden most scanners and there is (as yet) 
no clinical demand for the diagnosis of essentially asymptomatic 
intracranial aneurysms. 

This is a specialized CT technique and should be used as such. 
It may be of some value in the demonstration of rather subtle. 
isodense subdural haematomas or in clinically dubious cases of 
subarachnoid haemorrhage prior to angiography. 

This is not a book for the individual to purchase. It may 
nevertheless find a place in the departmental library, simply 
because the concept of angio-CT is a sound one and the book is 
sufficiently well illustrated for its literary failings not to matter 
too much. For a hard-bound book, albeit a slim one, the price is 
not unreasonable, and with proper editing a second edition 
could be greatly improved. 

P. BUTLER 


Normal Anatomy for Multiplanar Imaging. By Bharat Raval. 
Joel W. Yeakley and John H. Harris Jr, 1987 (Williams & 
Wilkins, Baltimore) 
The Trunk and Extremities, pp. xiv + 199, £43.00. 
ISBN 0--683--07154-8 
Head, Neck and Spine, pp. xiv + 433, £90.00. 
ISBN 0-683-07153—X 
These two companion volumes provide an anatomical atlas 
based mainly on computed tomography but also incl uding some 
magnetic resonance images. There are clearly annotated line 
drawings on the pages facing the images. The illustrations are 
uniformly clear and large. Where appropriate, scout views show 
the sectional level of the CT scans. There is a good balance 
between unenhanced and contrast-enhanced scans. A useful 
feature is the explanatory notes which advise on positioning and 
scanning technique. The volume on the head, neck and spine 
contains considerable detail, particularly applied to the sellar 
region, temporal bone, paranasal sinuses and nasopharynx. 
There are a few criticisms. The identification of blood vessels 
in the superior mediastinum is not complete; more coronal MR 
images of the chest and abdomen as well as sagittal sections of 
the knee would have been helpful inclusions. The important 
retroperitoneal fascial compartments could have been 
illustrated in more detail. 
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These atlases are highly recommended as reference books 
within imaging departments. Trainee radiologists would also 
greatly benefit from their availability. 

G. H. WHITEHOUSE 


Computed Tomography of the Chest: a Teaching File. By M. 
Elon Gale and Joel B. Karlinsky. pp. xviii + 254, 1988 (Year 
Book Medical Publishers, Chicago), £41.50. 

ISBN 0-8151-3322-7 

The book starts with a nicely annotated section on normal 
anatomy of the mediastinum, bronchi and fissures, The 
remainder of the book is divided into chapters on parenchyma, 
hila and airways, mediastinum, cardiovascular system, pleura, 
diaphragm and chest wall. There are 209 cases. all well 
illustrated, each with a short and cogent description. Most cases 
are supplemented by references which are listed by chapter at 
the end of the book. 

A volume such as this stands or falls on the quality of its 
images. The mediastinal window images are uniformly good 
and although the lung window images are generally acceptable, 
very high resolution lung window images have not been 
included which, I think, accounts for the erroneous statement 
on p. 69 that “the earliest pulmonary manifestation of 
scleroderma is a fine, reticular pattern on chest film. At this 
initial stage, the appearance of the lung on CT is relatively 
normal because the interstitial changes are below the resolution 
of the technique.” 

The cases have been well chosen and the selected images all 
make their respective points. The accompanying text is both 
lucid and well written. The book will be of use to FRCR 
candidates and should find a place in X-ray Department and CT 
Unit libraries. It is reasonably priced at £41.50. The authors say 
in their preface that they hope that both the experienced and 
inexperienced reader will find the book clear, informative and 
above all, useful. I think that they have succeeded in their aim 
but it is more likely that this book will be purchased by libraries 
and institutions than by individuals. 

Denis H. Carr 


Renal and Adrenal Tumors: Pathology, Radiology, 
Ultrasonography, Magnetic Resonance (MRI. Therapy, 
Immunology, 2nd edn. Ed. by Eberhard Löhr and Lutz-Dietrich 
Leder, pp. xv + 275, 1987 (Springer-Verlag, Berlin}, DM298. 
ISBN 3-540-16554-1 (Berlin) 

0-387-16554-1 (New York) 
This is the second edition of a book which first appeared in 
1979. Comparing the list of chapters of the two editions, there 
has been a considerable shift in the emphasis given to the 
various imaging techniques described. In their foreword to the 
current edition the editors contend that the newer techniques of 
ultrasound, computed tomography and Magnetic resonance 
imaging have completely supplanted intravenous urography 
and arteriography in the detection of renal tumours. Indeed, 
intravenous urography does not seem to merit much attention 
anywhere in this edition and it is not even given an entry in the 
index; this is a sign of the times. All of the 23 contributors are 
either German or American. There is no noticeable repetition of 
material but the style of English is sometimes poor; on the first 
page there is a reference to bioptic material and other irritating 
examples of faulty anglicization are scattered throughout the 
book. 

The imaging of renal and adrenal tumours makes up the bulk 
of the book. This is sandwiched between an account of the 
pathology of these neoplasms and a few brief fina! chapters on 
their treatment and immunology. This first chapter on 
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pathology is a joy to read; it is succinct and beautifully 
ilustrated and includes a few choice colour plates. Each of the 
many tumour types is given concise macroscopic and 
microscopic descriptions and a useful feature is an assessment of 
their likely malignant potential or otherwise under the sub- 
heading of “Biological Behavior”. 

The name of Springer-Verlag has become synonymous with 
first-rate image reproduction, but the sheer quality of the 
illustrations throughout this book never fails to surprise. The 
chapier on computed tomography of adrenal tumours is 
particularly fine in this respect. The chapter on magnetic 
resonance imaging is comprehensive but the concluding remarks 
are disconcertingly vague. Apart from detecting tumour 
thrombus in the intrarenal part of the renal veins and possibly 
elucidating the natural history of haemorrhagic renal cysts, 
there is no evidence in this chapter to suggest that MRI has 
anything, as yet, to offer over CT in the imaging of renal 
tumours. Childhood renal tumours are well covered but there is 
an odd little chapter towards the end of the book on prenatal 
Wilms’ tumours which is based on three case reports. Although 
the discussion on the pathogenesis of these tumours is 
fascinating, this barely justifies a separate chapter. 

If the style of the text could have been refined to match the 
elegance of the ilhustrations, this book would have been difficult 
to better. As it is, this handsome but justifiably expensive 
volume will appeal to anybody who has more than a passing 
interest in the imaging of renal and adrenal tumours. 

DaviD HANSELL 


Rational Use of Diagnostic Imaging in Paediatrics. Report of a 
WHO Sudy Group. World Health Organization Technical 
Report Series 757, pp. 102, 1987 (World Health Organization, 
Geneva}, Sw Fr. 14, US $8.40. 

ISBN 92-4-[20757-4 

This is the report of a WHO study group, consisting of some of 
the most eminent paediatric radiologists from around the world. 
Their bref was to try to establish how diagnostic imaging 
should be used in paediatrics, taking into account the widely 
differing resources available across the world. 

inevitably such a document cannot be too controversial, and 
whilst the reviewer would not accept all the statements made nor 
all the recommendations, most of the criticisms would be minor. 
For example, whilst “routine” radiography of the chest is 
deprecated there are several occasions in which the left lateral 
chest radiograph together with a PA (or AP) view in cardiac 
disease is recommended. I do not think many paediatric 
radiologists in the UK would agree that the lateral view is 
particularly helpful in most instances. Again, AP chest 
tomography is recommended in cases of Wilms’ tumour if CT is 
not available but there is no mention of the difficulties of 
tomography in the particular age group in which this problem is 
likely to occur. Isotope studies to examine the renal parenchyma 
are recommended “because they subject the patient to a lower 
radiation dose”. This is not true of the renal dose in DMSA 
scanning and is therefore misleading. 

Although other radiologists are bound to find statements with 
which they disagree, the study group is to be commended for 
accomplishing so much of a virtually impossible task, in giving 
so much useful advice and guidance to clinicians as well as those 
invelved in imaging in paediatrics. It will also help those 
radiologists for whom paediatric practice is only a small part of 
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their work to realize what is going on in “mainstream” 
paediatric imaging. 
D. W. PILLING 


Books received 


Impact of Functional Imaging in Neurology and Psychiatry. 
Current Problems in Neurology 5. Ed. by J. Wade, S. Knezevic, 
V. A. Maximilian, Z. Mubrin and I. Prohovnik, pp. viii + 199, 
1987 (John Libbey, London), £26.00, US$46.00, FF345. 

ISBN 00-86196106-4 


Radiology: Faculty Proceedings of the VI European Congress of 
Radiology, Lisbon, Portugal, 31 May-6 June 1987. Ed. by M. E. 
Silvestre, F. Abecasis and J. A. Viega-Pires, pp. xv +673, 1987 
(Excerpta Medica, Amsterdam). 

ISBN 0-444-80947-3 


The Use of Ultrasound in Patients with Clinical Signs of 
Appendicitis. By J. B. C. M. Puylaert, pp. 91, 1988 (Drukkerij 
de Kempenaer, Oegstgeest). 


Applications of Thermal Imaging. By S. G. Burnay, T. L. 
Williams and C. H. N. Jones, pp. xi +248, 1988 (Adam Hilger, 
Bristol), £45.00. 

ISBN 0-85274--421-8 


Developmenis in Preventive Oncology. Parts A and B (2 
volumes). Ed. by Herbert E. Nieburgs, pp. xvii + 548 (Part A), 
xvi+471 (Part B), 1987 (Alan R. Liss, New York), $96.00. 
ISBN 0-8451-4299-2 (set) 

O-8451-4231-3 (Part A) 

0-8451-4232-1 (Part B) 


Prostaglandins, Leukotrienes and Cancer Eicosanoids and 
Radiation, Ed, by Peter Polgar, pp. x+195, 1988 (Kluwer, 
Boston), £39.50, US$62.50, DA.145.00. 

ISBN 0--89839--361-7 


Clinics in Diagnostic Ultrasound 22. Intraoperative and 
Endoscopic Ultrasonography. Ed. by Matthew D. Rifkin, pp. 
xi+ 244, 1987 (Churchill Livingstone, New York), £29.95. 
ISBN 0-443-0822-6 


Diagnosis and Differential Diagnosis of Breast Calcifications. By 
Marton Lanyi, pp. viii +252, 1988 (Springer Verlag, Berlin), 
DM 148. 
ISBN 3-549-16949-0 (Berlin) 

0-387-16949-0 (New York) 


Frontiers of Clinical Neuroscience Volume 4: Clinical 
Neuroimaging. Ed. by William H. Theodore, pp. x + 288, 1988 
(Alan R. Liss, New York), $62.50. 


Health Effects of Low Dose lonising Radiation: Recent 
Advances and their Implications. Proceedings of an 
international conference held in London on [1-14 May 1987, 
pp. vit 209, 1987 (British Nuclear Energy Society, London). 
ISBN 0-7277—1302-7 
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